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TAPAS

TOWARDS AN AUTOMATED AND EXPLAINABLE ATM SYSTEM

Thisdocumentis part of a project that has received funding from the SESAR Joint Undertaking under
grant agreement N0892358dzy RS NJ 9 dzNB LISy | yA 2 € and inbwdioh 2y H n
programme.

Abstract

This document presentke finalversion of theTAPASIeliverable D5.2/alidation Report. Icontairs
the results of the ATEBM and CD&Rxperimens carried out under the umbrella of TAPAS project.

SeveraHumarnin-the-Loop (HITLReal Time Simulation (RTS) were perforrfeezdboth ATFCMand
CD&Ruse cass involving operational experts to validateXplainable Artificial Intelligence (XAl)
decision support componenigorking in scenarios at different levelsaitomation (level 1, 2 and 3).

Th HITL validation experiments were useextract conclusions and principlés transparency and
explainabilitywhen deployingautomation based on these types of Al tool. However, as the TAPAS
activity remains an exploraty 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 automatiofsleve

Different simulation sessions were performed &menarios atach of theautomation levels. In the

first series of experiments thedecused on FMP tasksrried out to support ATM network Demand

and Capacity Balancing activities in the-etical ganning phaseln 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 phasghe results obtained frorthe varioussimulations 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 recommendafignsef@activities
are also provided.
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1 Executive summary

The TAPAS research airsusingexplainabilityand transparencycomponentsto demonstratehow
Artificial Intelligence (Al) 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 ameathat 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 thepmsed decisions.

The deployment of Abased 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, enhandedis which employ Al 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 classivalnmachine

interfaces (HMI) to potentially richer solutions supported through Al and Machine Learning (ML)
techniques is proposed. However, a significant challenge related to Al/ML solutions is the fact that

these types of todtend to be based on conlgx mathematical and highly recursive, deep searching,

LI GGSNY YIFGOKAY3 FfIA2NRGKYaA (2 &dzZLILI2 NI GKS Wt S| N
to comprehend by human users.

UsingeXplainable L Q 6 - ! L0 G SOKY A | dzSisual Aralgticditgekidbcte@®hatahe Sy K|y
reasons why certain solutions are being proposed by the DST can be presented in an understandable

gl e (2 GKS KdzYty 2LISNI 2N FyR KL {trusitDK S\ yI #3250 Ayl S
technology as the kel of automation increases. We recall that trust in these nelwasked 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 certificatio

As a part otthe validationprocess,subjective qualitative and objective quantitative ddias been
collectedfrom a series of Human in the Loop (HITL) simulation experimEmn¢sehave beeranalysed

to assess th@ APASonceptand research goals ag@essed in the validation plan, with a strong focus

on identifying principles and recommendations relating to transparency needs when using Al solutions.

In the initial scenarios, the focus was on the ATFCM domain with XAl 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 thatemexecuted using the INnovative
Network Operations Validation Environment (INNOVE) [2].

The second set of experiments provided automated Al based support in the Conflict Detection and
Resolution activity provided by the ATC Radar/Executive controlled@thalso running at the three
different levels of automatiorThe XAl based CD&R automation was used to identify conflict situations,
provide recommended actionand support conformance monitoring to help users solve ATC problems
in realime experimentsconducted using the ENAIRE/CRIDA SACTA ATC simulator platform.
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2 Introduction

2.1 Purpose of the document

This document provides the Validah Report (VALR)for experiments performed to support
explainability and transparency concepts when using XAl automatiols to support Demand
Capacity Management in the ATFCM domaird the detection of aircraft separation conflicts,
provision of potential solutions and monitoring of traffic conformance for Radar Controllers during the
execution phas€éCD&R)It describs the results of validation exercises definedhia Validation Plan

[3] anddocumentshow the objectives included in that plan were achieved.

Based onadditional postsimulation 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:
T SJU programme manager

1 TAPAS project members, in particupartners fromWP5 dealing with theecution of the
validation exercises and the validation report, WP3 related to transparency principles and
WP4 for the implementation of the transparent Al/ML components and VA support.

I SESAR2020 and the international research community addressing awonmathir Traffic
Management, Artificial Intelligence, Machine Learning and transparency/explainabiity
principles.

2.3 Background

The TAPAS research will determine how the use of XAl techniques combined with supporting Visual
Analytics can help to deliver betttransparency 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 tfiaiesu

trust and confidence can be established in this type of tool to allobhe&éd 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 TR&emainsan exploratory research activity executing at a low

TRLYy 2 FOGGSYLIWW A& YFERS (2 GNB (2 Aeifled andoFcertifidtk 2 6 Q ! L
TAPAS only focuses on identifying methods by which the process eaplaamedo humanoperators

to help them understand why (and possibly how) decisibave been made and why the proposed

actions are appropriate.

TAPAS experiments have been designed in two selected ATM/ATC dartranair Traffic Flow and
Capacity Management (ATFCM) domand Air Traffic Control (ATC) domain. These experiments were
executed in two distinct sets of validation experimemmsgune 2021 (ATFCM) and March 2022 (CD&R).
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To execute theATFCMralidation experiments, XAl and VA prototypesre integrated in the NNOVE
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 Dem@agacity Management
activities in reatime.

During the execution of thATFCMexperimental scenarios, operators were required to:

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

9 Identify overload periods{otspotg where demand exceeds the defined capattityesholds

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

1 Determine suitable ATFCM solutions that can be applied to mitigate the identified problems
1 Apply and test those solutions and assess the results of the mitigaticona

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

1 Review and validate the Hotspots that were identified by XAl
1 Atautomation level 2:
0 Select one or more of the proposed solutions and implement them
1 At automation level 3:
0 Review the solutions that had been automatically applied by the platform

1 Review the explanations provided and the associated Visual Asslythich help to
understand the choices and solutions being proposed

1 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 XAl and VA prototypes were connected to the ENAIRE/CRIDA
SACTA redime ATC simulator platform, from where they consumed the necessary data to detect
conflicts, elaborate solutions and present all this informattbrough visual aids to the air traffic
controllers.

SACTA is the system that manages ATC in all enroute, appaoddberminal centres in Spain. A replica

of this ATC platforminstalled at theCRIDA premisesvas 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 (CW#) CWRrovides all the same features as the

actual ATC system used to manage the Spanish airspads.tFdigctories 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
clearancespropd SR o6& (KS 'L (22t | wakKz2ad O2y iNRff SN
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 taag;s can perform all the functiortbat are carried out by both

the Planner and Executive/Radar Controller fhe selected airspacén reaktime, including any
communication that is required with pseudo aircraft pilots that are also connected to the simulator
platform.

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

1 Monitor and manage air traffias it flies through one of two uppe&irspace sectoréloledo
and/or Domingo upperlocated in the Madrid ACC

Acquire and hanaff flights as they arrive into / depefrom the managed sector
Observe the radar picture and flight plans as traffic progresses through the region

Monitor aircraftaircraft separation in the controlled sector and the bordering region

= == =4 =4

Identify potential separation issues (with the help oétbonflict alerting tool provided by the
Al component) and prevent collisions between aircraft in flight

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

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

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

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

1 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

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

I Select and implement the most suitable solution being recommended byAhéST
(automation level 2)

Monitor and understand the solutions that have been automatically implemented by the Al
DST and recovery of control whenever the automatic XAl 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:

1

Section 1¢ Executive Summary
Provides a short summary of the document.
Section?2 (this section ¢ Introduction

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

Section 3¢ Context of the validation

Present the context of the validatioand a short description of the experimentalidation
aspectsobjectives, assumptions, etc.

Section4 ¢ Validation results

Provides the results and achievements of the exercises.

Section5 ¢ Conclusions and Recommendations

Presents the conclusions of the validation exercise and from the analysis of the results.
Secton 6 ¢ 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 XAl automation

Appendix C contains a description of MA features.

Appendix D provides information about the reéathe 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 performinthe CD&R process

Appendix F contains details on how the XAl algorithms were validated
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Term Definition

Al Artificial Intelligence

ANSP Air Navigation Service Provider

ATC Air Traffic Control

ATCo Air Traffic Controller

ATFCM Air Traffic Flovand Capacityylanagement

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 FlowManagement 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 SESABiInt 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

XAl Explainable Al

Tablel. Acronyms and terminology
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3 Context of the Validation

[

3.1 Explainable AlI/ML automation and VA summary

3.1.1 eXplainable Al (XAl)

With the avances in computing powéhat have beerseen in the last 80 years, the application of
Al is becoming commonplace for solutions where automated support is concerned. The ATM domain
is no exception to this

Al techniques riy on high powered statistical methods that are usually deeply recursikiesh can
make theunderstanding and verification of these algorithms a challerigeés is particularly true if
solutions are to be widely adopteand need to workin safetycritical applications.However, he
concept of trust in Al solutiorstill presents a significant challengéhichis magtified when safety is
a concern. Therefore, as the numberAfML applicationsncreases, so does the need fiblem to
provide additional infomation to render them trustworthy.

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

A remarkable initiative igsnderway atthe US DARPA (Defence Advanced Research Projects Agency),
which is progressing in creating an XAl framework addressing a variety of techniques and methods
covering the effectivenesgersusexplainability trade spacén Europethe EUROCAE and SAE-WIG

and G34 working groups havelso been developing a set of guidelines for the development,
certification, and deployment of Abased tools, particularly inagety critical applications. These
guidelinesall agreethat explainability is a major axis for the certification effort forbaked
automation.

Today I Task
x : « Why did you do that?
7 Decision of * Why not something else?
Training Machine Learned | Recommendation - When do you succesd?
Data [T Le@ming M Folchion - When do you fail?
Process « Whencan | trust you?
- How do | correct an error?
User
XAl I Task
x . + | understand why
New « | understand why not
Training | | Machine | | Explainable | Explanation + | knowwhen you succeed
Data Learning Model Interface *+ | know when you fail
Process * | kmow when to trust you
+ | kmow why you emed
User

Figurel. Explainable Artificial Intelligence (XAl)
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3.1.2 Visual Analytics (VA) teupport 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 proviokttar picture to human operators of
why certain solutions have beeselected by an automated process.

The VA modules that were developed for the ATFCM use case in TAPAS work in combination with the
ML/(X)Al components as an integrated prototype. The ML/(X)Al components develop solutions for
demandcapacity imbalance praéms 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 WeljF-CMperatorsto:

1 Understand why prolems, such as demarzhpacity imbalances, have been identified by the
automated system.

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

I Help the human to understanding how solutions developedhsy ¥ML/Al component were
determined

() TPAS Solution Explorer: all sectc
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Figure2. Snapshot of the VA todbr the ATFCM use case
For TAPAS, thATFCMWA component supports the following analytical tasks:
1 Gain an overview of a single scenario.

1 Compare two or more gnarios that involve the same set of flights.
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I Understand the process of solution developmeirg,, see how the ML component modifies
the flight plans and resolves the hotspots, with each step of the solution development
represented by a scenarlzased on the modified flight plans.

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

1 Explore solutions at high level of abstraction and low levels of detail to obtain overviews of
scenariosto identify majordifferences between scenarios, tw track major changes along
the process of solution development.

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

For theCD&R exercisethe VA tml 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:

1 Awareness of potential conflicts in the following@ minutes between flights inside tisector
of focus and in the immediate exit area of that sector.

1 Understanding of the conflicts detected, including their severity and main characteristics:
o Flight IDs and attitude of the aircraft involved in the conflict.

0 Horizontal and vertical separati 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 deteatd one or other resolution action proposed.

0 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.

1 Explore solutions proposed by the Dégorithm 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.

1 Impact metrics relating to each solution proposed are also includeakitisted solutions.

1 Awareness of noitonformance monitoring events through a pop window showing the
aircraft and related condition/s that has/have been violated according to the last available FPL.
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2] TAPAS CDR Ul version 07/03/2022 16:45; Conflicts detected 31/01/2022 at 12:21:43 - o x

N | Tye | Seclor| Flight1 | Flight2z | Starttime| CPAtime| Endtime | Sever o £ HorD at start| HorDatend | VerlD at start | VerlDatend | ueto
1 conflict | DGU | TAPO167 - | ANEG666 ~ | 12:30:46 12:30:31 1 o 012:21:13: 526y 10 to TAP..|

Dataportion N4 1643631703 12:21:43 on 311012022 | ~| [ previous | | upaate automaticaty | every [ 1055 seconas
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Figure3. Snapshot of the ¥ tool for the CD&R use case

3.2 Summary otthe 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 TR}t in two main domains:

1 ATFCM with a focus on Deman@apacity Management activities to solve load imbalances in
the planning phases of ATM network management, usingbdséd automation with VA to
support transparency anexplainability.

1 ATGC applying XAl 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 thésegdmbe
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 workdoteely in a realistipre-
tactical network capacity planningnvironment at different levels of automation (levels;B). The
operators were asked to identify and solve overloads during the ATFCM planning phase either
manually (level 1), with partialulomation (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 experimentsas on the regional Flow Management PositideMP (also known as
the Local Traffic ManagerLTM) and, in line with the VALP, the objectives were to understand if
situational awareness and understanding of the problems identified or being solved by tiha Wwas
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 [Bbard the corresponding Validation
Exercises.

The ATC CD&R experiments offer a much more challenging environment within which to deploy the
Albased automation suprt tools. The aim of the CD&R to allow human operators to work
interactively in a realistic ATC environment where the DST preemi#lict alerting andaccording to

the level of automation (levelsd3), recommendations for potential clearances thatulbsolve 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 detectiofira problemandthe necessary actions needed

to resolvethose issueswhich reeded to beperformed in a very short timavindow leading up to the
identified separation problems. With such a short timeframe, beyond which safety could be
O2YLINRBYA&SR: (KS O2yidSyid 2F GKS +! WSELX IFAYIlOoAf A
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 availableai@w the user tadrill downinto the VA support tools to
discover more detailed information.

During the exercisegperators were asked teither identify and solveconflicts in the controlled
sector, either manually (level 1), with partial automation (& 2) where possible solutions are
identified but the operator maintains thehoice of which solution(s) to considapply or not, and full
automation (level 3) where proposed solutions are automatically executed by the tools.

The focus of the experimentgas on theExecutive/Radar Controll@osition,andin line with the VALP,
the objectives wereonce againto understand if situational awareness and understanding of the
problems identified or being solved by the Al tool was sufficiently supported thringgéxplainability

and visual analytics componerist 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 bveen the TAPAS ATFGYd CD&RJse Casef3] and the corresponding
Validation Exercises.

3.2.2 Summary of Validation Objectives and success criteria

No changes were made tthe validation objectives and success criteria that were expressed in the
TAPAS D5.1 Validation Plan Ed 00.01.00 (see VALP secfi&jh 3.5

3.2.3 Validation Assumptions

The following table summarises the validation assumptions that have been made regarding the ATFCM
validation exercises (see TAPAS Dalidation Plan section 4[3]):
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Impact on Assessment

ASS
TAPAS.A"
FCMO001

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.A"
FCMO002

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.A"
FCMO003

Human
operators
Training

Sufficient training/
briefing has been
provided to the
human operatorin
regard to the
scenario and
available tools to
ensureno lack of
familiarity has a
negative factor in
the understanding
or acceptance of
the proposed
solution.

Exercise
performance

High

ASS
TAPAS.A”
FCMO004

Realistic
environment

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

Representative of
actual environment

Medium

ASS
TAPAS.A”
FCMO005

XAl Training

XAl components
have been suitably
trained using
historic datasets

To guarantee the
applicability of XAl
algorithm to the

Medium
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Identifier Title Description Justification Impact on Assessment

for the analysis validation

region scenarios
ASS Exercise Data used for the Using different Low
TAPAS.A' execution Data validation exercise data to avoid over
FCMO006 is unseen data for fitting of the XAl

the XAl training algorithm

process
ASS Integration of The XAl Exercise High
TAPAS.AT XAl and component is performance
FCMO0O07  validation integrated

platform (loosely) with the

validation platform
and uses the same
scenario data

ASS FMP client Itis assumed the = Exercise High
TAPAS.A7 prototype FMP prototype will performance
FCMO008 support human

operator similarly
to real operational
environment

ASS VA prototype A colocated visual Exercise High
TAPAS.A” analytics and performance
FCMO009 explanation display
included in the
FMP Position
ASS VA data VA components VA componentis | High
TAPAS.A7 consumption consume data responsible of
FCMO010 @ and visuals for = from the XAl providing the
explainability automation explanations to
component to extract main
provide suitable conclusions from
visual and the validation

information and exercises.
scenario drill down
functionality

Table2. Validation Assumptions overview for the ATFCM use case

The XACD&R prototype, together with the appropriate VA techniques, prafidatures to monitor

the current situation, detect possible conflicts, propose resolution meastoesghose 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 solutipwhich executedin the D1 time frame, the CD&R solution must
focuson 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 the CD&R validation exercistge following assumptions

have therefore been madesee TAPAS D5VAlidation Plan sectiob.2 [3]):

Identifier

Title

Description

Justification

Impact onAssessment

ASS
TAPAS
CDRO0O1

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
CDR002

Familiarisation
of human
operators with
ATQprocess

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

BEvercise
performance.

Relevance and
utility of results.

High

ASS
TAPAS
CDRO03

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
CDRO04

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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and has an
environment that
is similar to the
real working
situation (using
SACTA)
ASS XAl Training XAlcomponents To guarantee the = Medium
TAPAS have been suitably applicability of the
CDRO05 trained using Al models for the
historic datasets @ validation
scenarios and tasks
to be performed
ASS Exercise The data used for Use different data @ Low
TAPAS Execution Data the validation is to avoid over
CDRO06 unseen data for  fitting of the XAl
the Al DST suppori algorithm
tools
ASS Integration of The XAl The XAl High
TAPAS the XAl DST anc components are components are
CDR0O07 ' the validation well integrated integrated with the
platform with the SACTA SACTA platform
simulation using pubsub
platform messaging and car
share key data
easily and in a
timely manner
ASS Emulationof full | W3 K2 & (i ¢ Users need to Medium
TAPAS  automation position will be SELISNASyYyC
CDR008 used toemulate F dzG 2 YIF GA2
the automated evaluate how the
execution of associated
clearances information helps
provided by the them understand
XAl what has been
performed by the
XAl
ASS Available The XAl will be The scope of the  Low
TAPAS resolution limited in scope to simulation is to
CDR0O09 ' clearances include Lateral, focus on
Speed, Altitude understanding
explainability and
not to evaluate the
Page271171

EUROPEAN PARTNERSHIP

Co-funded by
the European Union




D5.2 TAPAS VALIDATION REPORT

@ sesar’

T/APAS ot unpertaking
Identifier Title Description Justification Impact onAssessment
and DirectTo efficiency of the
solutions XAl CD&R solution
ASS Conflict Alerting Existing conflict The exercises Low
TAPAS alerting (e.g. STCA should use a
CDRO10 will be disabled in = consistent alerting
favour of using the. mechanism to
corflict alerts avoid any
provided by the confusion on the
XAl part of the
operator
ASS RealTime The scenarios will | The XAl needsto  Medium
TAPAS  execution be executed in work on upto-date
CDRO11 synchronised real = information to
time mode with identify conflict
regular track/flight —situations in real
plan updates being time and to
provided to the provide solution
XAl to support the options in a timely
CD&R decision and safe manner
making process
ASS Late provision It the XAl is unable The human Medium
TAPAS  of resolution to identify a remains capable of
CDR012  action problem and identifying and
recommend solving problems
solutions ina even when
suitabk time to automation is
solve the conflict, = running at the
the operator is highest level to
able to rationalise = ensure the safe
the situation and = execution of traffic
provide suitable  across the entire
solutions scenario
themselves
ASS Controller The CWP provided The human Low
TAPAS  Working to the users during operator is working
CDR013 | Position the validation in a realistic and
exercises is as up-to-date Radar
realistic as possibl¢ control
using the SACTA  environment
CWP and
associated
simulator features
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Identifier Title Description Justification Impact onAssessment
ASS VASupport A colocated visual Appropriate Medium

TAPAS analytics and information is

CDRO14 explanation display provided to allow

is provided for use the user to
by the controller ~ understand and
implement the

proposed
solution(s) as
needed
ASS Interoperable The VA and XAl | Key information Medium
TAPAS  components componentscan from the XAl
CDRO15 exchange key data should beprovided
in a fully to the use in a
integrated and clear, concisgand
timely manner timely manner to

during the exercise support decision
making during the
validation exercises

Table3: 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:
I ATFCMalidation, the focus of the Interim version of the document

1 CD&R validatioradded to produce the latesSIAPAS deliverable D5.3 Validation Refihit
version of the document)

3.2.4.1 AFTCM exercises

Regarding the TAPAS ATFCM validation, three different sosnere considered based on the levels
of automation tackled by the project, namely automation level 1, 2 and 3 (section 4.6 of 3JALP

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

summarised below.

Exercise Day | TAPAS Automation | Traffic Summary of the Exercise

Execution Date | Scenario Level Sample Date

Day 1 Scenario#l | Level 1 22/06/2019 | Initial exercise for 2 FMP users
working manually using the FMH

14/06/21 client application.
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The exercise was primarily aime
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 explanati@n
supported by the VA application
on a celocated display.

The exercise was primarily aime
at the provision of training and
familiarisation with the XAl and
VA components.

Table4. Summary of exercisesDay 1

Exercise Day | TAPAS Automation Traffic Summary of the Exercise

Execution Date | Scenario Level Sample Date

Day 2 Scenario#l | Level 1 05/07/2019 | Interim exercise for a single FM
user working manually using the

16/06/21 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 andfd-light
Level Capping measures as wel
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 clien
application and full automation
from the XAl prototype to
automatically detect Hotspots
and implement solutions without
human intervention. The VA
application was available on ac
locateddisplay and could be
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interrogated as needed by the
FMP user.

The exercise was primarily aimg
at the provision of training and
platform / VAcomponent
familiarisation in full automation
mode

Table5. Summary of exercisesDay 2

Exercise Day | TAPAS Automation Traffic Summary of the Exercise

Execution Date | Scenario Level Sample Date

Day 3 Scenario#l | Level 1 05/07/2019 | Additional exercise for a sing
FMP user working manually usil

17/06/21 the FMP client application.

The exerised provided ar
additional opportunity for users
to work manually with the
platform to continue to gain morg
confidence in its use to identif
and solve DCB problem scenar
using Regulation and/or Fligk
Level Capping measures as wel
the gathering 6 results and FMF
user feedback

Scenario#2 | Level 2 22/06/2019 | Exercise for a single FMP us
working with the FMP clien
application and partia

automation from the XA
prototype to automatically detec
Hotspots, and provide proposal
for potential solutions. The V
application was available on aC
located display md could be
interrogated as needed by th
FMP user.

The exercise was a repeat of t
initial exercise, performeq
previously on day 1, but with

higher level of automation, with
the aim of acquiring morg
feedback from the FMP user
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Exercise Day | TAPAS Automation Traffic Summary of the Exercise
Execution Date | Scenario Level Sample Date
Scenario#3 | Level 3 04/07/2019 | Additional exercise for a sing

FMP user working with the FM
client application and ful
automation from the XA
prototype to automatically detec
Hotspots, and implemen
solutions without human
intervention. The VA applicatio
was available on a €ocaed
display and could be interrogate
as needed by the FMP user.

The exercise was aimed

enhancing FMP user familiari
with the fully automated scenari
as well as in the interactive use
the VAcomponent to help
understand the solutions that ha
been implemented. FMP useg
feedback was gathered includir
information on workload,
situational awareness, levels
trust and confidence in thg
solutions.

Scenario#3 | Level 3 14/07/2019 | Additional scenario running wit
full automation from the XA
component and the FMP use
interacting  with  the VA
component to investigate and t
help understand how and wh
solutions had been implemente
by the DST.

The exercise was aimed at furth
enhancing FMP user familiari
with the fully automated scenari
as well asn the interactive use o
the VAcomponent to help
understand the solutions that ha
been implemented. FMP usg
feedback was gathered includir
information on workload,
situational awareness, levels
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Exercise Day | TAPAS Automation Traffic Summary of the Exercise
Execution Date | Scenario Level Sample Date

trust and confidence in th¢
solutions.

Table6. Summary of exercisesDay 3

This resulted in a total adight (8) individuakxercises that were performed using the platform. It
should be noted that thdirst two exercises were executed with a heavy focus on training purposes,
to enare that the FMP experts coulitquiresufficient 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 raning 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, prodied 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 presentaticiesnonstrations 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 tre 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, presentatiodsffak 0 A S&X SGiO0Od0 = YI { A
2@PSN) (KS aKz2dzZ RSN i GKS aly$S GAYS 2y GKS SEL
prototypes and other related topics included in this VALR.

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

TAPAS Scenario ATFCMsScenario #1DCM with low (Level 1) automation

Scenario description Scenario#lwas a series of Human-the-Loop, Demand Capaci
Balancing gaming exercises running at Automation Level 1 for t
that was planned across the Iberian peninsula for variout@4
traffic samples from the Jurduly 2019 time period.

The ATFCM envinment data was extracted from th
EUROCONTROL Demand Data Repository (DDR2) fo
corresponding AIRAC cycle (1907).

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

The ATFCM scenario was loaded into the INNOVE Nef
Management gaming platform which emulates the majority of
NM B2B (SWIM) services and simulates the majority of the
system features, as well as a numlmérnew prototype services i
support of orgoing SESAR research projects.

INNOVE was executed on a dedicated Amazon-Béhice (AWS
instance as a cloubased servic®riented gaming platform, workin
interactively in reatime with the human operator rad connected
client applications to provide a highly realistic Network Managenm
environment in which the FMP users can operate &ppendix A

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

The focuf the various exercises performed for scenario #1 wag

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

1 Use the available functions in the FMP client to interrog
traffic demand / load in Madrid ACC sectors

1 Create SIMULATION snapshots of the current situatio
& dzLJLJ2 NIiA T @ ¢ Kheatiacd Ppétential issues an
solutions

1 Identify demandcapacity imbalances and declare Hotsp
in either the OPERATIONAL dataset or in one or 1
SIMULATIONS

1 Interrogate traffic lists for the Hotspot periods
9 Proposed suitable Regulations and Level Gappieasures
G2 GNITFADOAOYR WPKREESNF A

delayed to solve the problem

1 Review the impact of the Regulations and Level Cap
measures when submitted to the INNOVE platform
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TAPAS Scenario ATFCNMScenario #1DCM with low (Level 1) automation

validate if the proposed actions had successfidioived the
identified issues

As Scenario #1 was executed at Automation Lewvgldladditional
automated support was provided, other than the standd
functionality available from the INNOVE platform and its B2B sen
and the support features thawvere available via the FMP clie
interface.

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

Exercises performed Threeexercises were performed at Scenario #1 (Level 1) automg
during the TAPAS ATFCM validation:

Exercise 1fDay 1]Simulation of all traffic planned to operate in tf
Iberian peninsula on 22 June 2019 3728 flighty ¢ manual
identification and solvingf Hotspots using Regulations and/or Flig
Level Capping Measures for Madrid ACC sectors. Primarily fo
on training and familiarisation with the validation platform.

Exercise 3[Day 2]Simulation of all traffic planned to operate in tf
Iberian penisula on % July 2019 3736 flighty ¢ manual
identification and solving of Hotspots using Regulations and/or H
Level Capping Measures for Madrid ACC sectors. Designed to
users gain more confidence in the use of the platform to identify
sohe DCB problem scenarios using Regulation and/or Flight

Capping measures and gathering of results and FMP feedback.

Exerciséb: [Day 3] Simulation of all traffic planned to operate in th
Iberian peninsula on "% July 2019 3736 flighty ¢ manual
identification and solving of Hotspots using Regulations and/or F
Level Capping Measures for Madrid ACC sectors. Designed to I
of a sequence of exercises with increasing levels of automa
where users could identify and solve DCB problem scen
manually using Regulation and/or Flight Level Capping measur
well as the gathering of results and FMP feedback.

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

9 Train the operational experts involved in the simulatioms
the new FMP Client tool so they become familiar with
new DST available, avoiding a negative impact on the re
due to ignorance lack of familiarity with the tools to be us
(in particular for exercises 1 and 3)
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TAPAS Scenario

ATFCNMScenario #1DCM with low (Level 1) automation

1 Contribute to a series of consedut exercises with
increasing levels of automation support (exercise 5)

1 Allow users to become comfortable with the functional
and features available in the validation platform
exercises)

T hoGlrAyYy 20aSNBFIA2YyIT oW20
users worked with the platform and the available features
identify and solve DCB related issues (all exercises)

91 Debrief users after completion of each exercise and ga
feedback / complete scoring questionnaires (all exercise

V Phase

FGAO

UseCases

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

ValidationLocation

Madrid (ENAIRE/CRIDA Premises)

Status

Complete

Dependencies

None

Table7. Description of TAPAS Scenario #1

TAPAS Scenario

ATFCMScenario #2: DCM with partial (Level 2) automation

Scenario description

Scenario2 was also a series of Humamthe-Loop, Demang
Capacity Balancing gaming exercises but running with p4
automation (Level 2) using traffic that was planned across the Ibg
peninsula traffic from the Jurguly 2019 time period.
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TAPAS Scenario ATFCMScenario #2: DCM with partial (Level 2) automation

As with Scenario #ATFCM environment data was extracted frq
the EUROCONTROL Demand Data Repository (DDR2) f
corresponding AIRAC cycle (1907).

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

The ATFCM scenario was loaded into INNOVE and executed
dedicated Amazon WeBervice (AWS) instance, worki
interactively in reatime with the human operator and connectg
client applications.

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

FMP users were also able to interrogate the VA component, us
dedicated cdocated interactive display, to help understand t
Hotspots that had been identified and how/why the propog
solutions had been determined by the DST.

The focuf the variaus exercises performed for scenario #2 was|

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

1 Use the available functions in the FMP client and tife
display to interrogate traffic demand / load in Madrid A
sectors, understand Hotspots that had been identified by
XAl, and to help understand the proposals for mitigation t
the tools provided.

1 Create SIMULATION snapshots of the current situatio
& dzLJLJ2 NIA FRo KFElaSaayYSyl 27T
solutions

1 Evaluate/verify the Hotspots that had been identified by {
DST in either the OPERATIONAL dataset or in one or
SIMULATIONSs

1 Interrogate traffic lists for the Hotspot periods

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

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

1 Review the impact of the Regulations and Flight L
Capping measures when submitted to the INNOVE platf
to validate if the proposed actions had successfully reso
the identified issues

Since Scenario #2 was executed at Auton Level 2, additiong
automated support was provided, along with the standg
functionality available from the INNOVE platform, its B2B sery
and the support features that were available via the FMP cl
interface. These included the automated id#ication of Hotspots|
by the XAl component (which were consolidated by the FMP ¢
to conform to the NM definition of Hotspots see Appendix A fo
more details), provision of a series of potential solutig
(Regulation/FLC) and interactive displayesplanatory data usin
the dedicated VA component.

This allowed the FMRo validate DCB issues identified by t
automation and to use the VA features to help to understand
DCB Measures being proposed by the DST and the reasonin
lead tothose solutions being proposed.

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

Exercise2: [Day 1]Simulation of all traffic planned to operate in tf
Iberian peninsula on 8 July 2019 B734 flighty ¢Hotspots were
identified by the XAl component and automaticg
consolidated/added to INNOVE by the FMP client application.

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

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

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

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

Exercise6: [Day 3] was the second in the series of exercig
performed at increasing levels of automation that were executed
the final day of the validation. Traffic planned to operate in
Iberian peninsula on 22June 20193728 flight$ was simulated with
the XAl using the same scenario data to identify Hotspaid
providing a set of proposals (using Regulations and/or Flight |
Capping Measures) on how to solve them for Madrid ACC sectd

Users were able to consult the FMP client interface to rey
demand charts created using the data provided by the X$ANall as
the accompanying VA display to investigate why hotspots had
identified, and how the solutions being proposed had bg
developed by the XAl algorithms. Users were also able to use th
WRNAff R26yQ TSI (dz2NBa& inghoredstail
and to develop a better understanding why those solutions w
being suggested by the XAl tool.

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

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

M Contribute to a series of consecutive exses with
increasing levels of automation support (exercise 6)

1 Allow users to become comfortable with the functional
and features available in the validation platform and the [
features being provided by the XAl (all exercises)

1 Use thefeatures available in the VA display to understzg
the decisions being proposed by the XAl and why/how th
decisions were made (all exercises)

1 Use the validation tools to understand what the impact
single or combined solutions may be on the overathdad
capacity issues that have been identified (all exercises)

T hollAy 20aSNBIFGAZ2YIE 6W2Q
users worked with the platform and the available featu
and VA support to identify and solve DCB related issue
exercises)

Page391171

Co-funded by

EUROPEAN PARTNERSHIP :
the European Union




D5.2 TAPAS VALIDATION REPORT

@ sesar’

T PAS JOINT UNDERTAKING

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

91 Debief users following the completion of each exercise &
gather feedback / complete scoring questionnaires

exercises)
V Phase FGAO
Use Cases ATFCM Use case
Validation Technique HITL Gaming
KPA Considered <Human PerformancesEfficiency> <Safety>
Start Date 14/06/2021
End Date 17/06/2021

Validation Coordinator ENAIRE/CRIDA

Validation Platform INNOVE / FMP Client / XAl DST / VA Display
Validation Location Madrid (ENAIRE/CRIDA Premises)

Status Complete

Dependencies None

Table8. Description of TAPAS Scenario #2

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

Scenario description Scenario® included a set of Demand Capacity Balancing gar
exercises running with full automation (Level 3) for traffic that v
planned across the Iberian peninsula traffic from the Jduky 2019
time period.

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

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

The ATFCM scenario was loaded into INNOVE and executeq
dedicated Amazon WeBervice (AWS) instance, worki
interactively in reatime with the human operator and connecte
client applications.
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TAPAS Scenario ATFCNMScenario #3: DCM with full (Level 3) automation

The FMP client interfacevas further supported by the XA
component which used the same scenario data to automatic
identify DCB issues, define Hotspots and provide solutions |
Regulations and/or Flight Level Capping Measures. These sol
were automatically published he FMP client for implementatio
in INNOVE.

To help understand those solutions, FMP users were ablg
interrogate the VA component, using the -taxated interactive
display, to review the Hotspots that had been identified and any
of the proposed saitions had been provided by the XAl In particu
the sector and flighbased drill down features available in the
tool were able to be used to help users understand how and
those solutions had been determined. Impacts of the solutions v
able tobe seen in traffic demand charts available in the FMP ¢
as well as through advanced features in the VA display.

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

The focusof the various exercises performed for scenario #3 wag

1 Provide training to the FMP users in the early runs
exercises at level #3, in the use of the VA tools provide
the FMP workstation to help understand what the >
solutions include&nd why.

I Use the available functions in the FMP client and the
display to interrogate traffic demand / load in Madrid A
sectors, understand Hotspots that had been identified by
XAl, and to help understand the chosen mitigation actior

1 Create SIMUATION snapshots of the current situation
adzLJLJ2 NIA T@Ro Kl alaSaaySya 27
solutions

1 Evaluate/verify the Hotspots that had been identified by {
DST in either the OPERATIONAL dataset or in one or
SIMULATIONS

9 Evaluate/verify/assss the impact of Regulations/Flight Le
Capping Measures that had been automaticy
implemented from the XAl

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

1 Review the Regulations / Flight Level Capping measureg
were being suggested by the automation tools,

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

1 Review the impact of theRegulations and Flight Le
Capping measures when submitted to the INNOVE platf
to validate if the proposed actions had successfully reso
the identified issues

I Cancel XAl actions that were automatically implemented
the platform (optional)

1 Add nev Regulations / Measures to solve any problems {
remained after the automated solutions from the XAl K
been implemented (optional)

Since Scenario #3 was executed at Automation Level 3, addi
automated support was provided, along with the stand:
functionality available from the INNOVE platform. This included
automated identification of Hotspots by the XAl component (wh
were consolidated by the FMP client to conform to the NM definit
of Hotspots ¢ see Appendix A for more details), autoctica
implementation of solutions (Regulation/FLC) coming from the
and interactive display of explanatory data using the dedicateg
component including full sector and flightased drill down features

FMP were able to validate DCB issues identifiethbyautomation
and to use the VA features to help to understand the Measures b
proposed as well as the reasoning behind those solutions.

Exercises performed Three exercises were performed for Scenario #3 (Level 3) autom
during the TAPAS ATFCMidation:

Exerciset: [Day 2] Simulation of all traffic planned to operate in tk
Iberian peninsula on ' July 2019 3787 flight$ ¢Hotspots were
identified by the XAl component and automatica
consolidated/added to INNOVE by the FMP client application.

Proposals for possible solutions provided by the XAl (Regulg
and/or Flight Level Capping Measures) for Madrid ACC sectors
consumed by the FMP client application and automatically publis
for implementation in the INNOVE platform. The FMP weas able
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TAPAS Scenario ATFCNMScenario #3: DCM with full (Level 3) automation

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

The exercise, which was held on the day two of the process, foq
on training and familiarisation with the validatiomatform and how
the solutions proposed by the connected XAl component were
to beprocessed to allow them to be published for implementatior|
the scenario simulated in INNOVE.

Users were also introduced to many of the advanced featl
available in he VA component and in particular the features
provides to support transparency, explanatiorend drilldown
understanding of the DST processgsspecially given that solution
were automatically published and implemented without opera
action. This allowed them to become familiar with the functiona
of the VA tool prior to the final Day Xperiments.

Exercise7: [Day 3] was the final exercise in the series that we
performed at increasing levels of automation during the final da
the validation. Traffic planned to operate in the Iberian peninsulg
4" July 20193787 flighty was similated once again with the XA
using the same scenario data to identify Hotspots and provi
solutions (using Regulations and/or Flight Level Capping Meas
for Madrid ACC sectors that were automatically converted
published/implement in INNOVE blye FMP client with no operato
intervention.

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

' ASNAB dzaSR (GKS +! WRNAff R2
solutions in more detail and to develop a better understanding v
those solutions were being suggested by the XAl tool.

ExerciseB: [Day 3] was the final exercise of the validation and w
used to execute an additional Level 3 (full) automation exercise
a different traffic scenario. Traffic planned to operate in therlan
peninsula on 14 July 20193724 flights] was simulated with the XA
using the same scenario data to identify Hotspots and automati
provide solutions to any issues identified.

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

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

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

9 Train the operational experts involved in the simulations
the FMP Client, XAl and VA tools so they become fan
with these all the available DST capabilities, theref
avoiding a negative impaon the results due to a lack ¢
familiarity with the tools to be used. (In particular f
exercise 4)

9 Contribute to a series of consecutive exercises |
increasing levels of automation support (exercise 7)

1 Allow users to become comfortable with the fttionality
and features available in the validation platform and the [
features being provided by the XAl

1 Use the features available in the VA display to underst
the which solutions had been implemented and what th
were solving as well as why/howdke decisions were mad

T holdlAy 20aSNBIGAZ2YIE o0W2(Q
users worked with the platform and the available >
features and VA support to identify and understand how [
related issues were actually solved by the automation

1 Debriefusers following the completion of each exercise &
gather feedback / complete scoring questionnaires

V Phase FGAO

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 / XAl DST / VA Display
Validation Location Madrid (ENAIRE/CRIDA Premises)
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TAPAS Scenario ATFCNMScenario #3: DCM with full (Level 3) automation
Status Complete
Dependencies None

Table9. Description of TAPAS Scenario #3

3.2.4.2 CD&R exercises

Regarding the TAPAS CD&R validation, three different scemamiesconsidered based on the levels
of automation tackled by the project, namely automation level 1, 2 and 3 (sectdbof5/ALP3]).

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 ensiiney became familiar with the various XAl 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 concepta CD&R contexand
3) trainingon the support toolprovided to supporthe 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 XAl and VA tools at different levels of autematio
Oneof the two selected sectors from the Madrid ACToledo Upper (TLU) and Domingo Upper (DGU)
was used as the measured sector in each scenario

The original experimental planning included
I 3scenarios executed at Level 1 automationd per day,
1 3scenariosat Level 2 automatiorofie per dayand
I 5exercises running at Level 3 automation with the @Working in only anonitoring mode
o0 lexercise on day (ised for training purposes
0 2 exercise®n day 2 one with and one without unexpected failuoé the tool
0 2 exercises on day 3, one with and one without unexpected failure of the tool

However, following the verification phase of the CD&R actiwibjch included running scenarios with

ATC experts from ENAIRE and getting their feedback on the ggdpexercisest was decided to

reducel KS ydzYoSNJ 2F SESNDAA&SA Ninayakisfydf reasbnsicl8dh§t o o ¢
the performance of theXAli 2 2 f Ay WT dzf fafd timedlihigatiohsiihkretye ENAZRERC

experts werenot available
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From a technical perspectivehg XAl solutions did nalwayssolveall the conflictsthat occurred in
the scenariosTherefore this meant thatall the Level 3 scenariothat were executedlreadyincluded
a2YS ( 8ystiSnfaitufe/ATCO recovery of contt@omponent which eventuallyresulted in the
scenario revertingo automationLevel 2.

Furthermore all the controllerswho helped to verify the platform and assess the suitability of the
automated solutionghoughtthat Level 3(full automation) was noé realistic/feasible solutioat this
stageof the research (fothe CD&R activity}, that is scenarios where thATCGs onlyacting in a
monitoring role whilst the system implements solutions automatiocakye unrealistt in the scope of
the experiments

Hence due to this view of the automation, and ttime constrairis on the availability of domain
experts, it was decided to redugamber ofLevel 3runsfrom (from 5 to 3) rathetthan impacting
scenarios at the othdevelsand more focus was placed on Level 2

The adapted experimental plannitigat was finallyusedincluded
1 3scenarios executed at Level 1 automation

o 1 scenario with2 ATCo managing the sectand 2 scenarios with a single ATCO,
resulting ind sets of questionnaire responses,

1 5scenarios at Level 2 automation

0 2 scenarios witi2 ATC expertsnanaging the airspacand 3 scenarios with a single
ATCoresulting in7 guestionnaire responses and,

1 2scenarioexecuted at_evel Jincluding unexpected degradation of the automajion

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

Senarios were themxecuted using different tffic levelsand studied sectors as summarisiecthe
table below.

Exercise Day / | Scenarid Automation Traffic Summary of the Exercise

Execution Date| Sector Level

Day 1 TS1.:2TLU | Levell Low density | The TS1.1 scenario provided g
baseline reference scenario

07/03/2022 against which other results

could be compared if required.

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

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

A lowdensity traffic sample
was used to allow the users to
familiarise themselves with the
working position and available
tools provided by the SACTA
simulatorplatform.

Conflict alerts were provided b
the XAl DST component which
was consuming all traffic and
flight plan data on a 38econd
cycle and assessing the
information received for
potential conflict situations.

TS1 trafficamples preserd
low compleity, 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 hourgere
selected(between2:00 to 3:00
from the 30th of Jun019

Alertswere provided via the
connected VA support display
which was cdocated 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 wag
detectedby the tools.

However, all resolution
decisions and resulting actions
were made and implemented
by the human in this scenario
without help from the Al tools.
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TS2.:DGU | Level 2 Medium to| The TS2.1 scenario was

low density | executed for the Domingo
Upper (DGU) sector with partia
automation support being
provided by the XAl tools with
the 2 ATCo providing support
for the Tactical/Radar controlle
functions during the exercise.

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

Traffic in the TS2 levelimples
presened mediumto low
complexity, medium traffic
demand ith average OCC of
more than 5 flights and less
than 10 flights in windows of 5
minutes)

Alow number of conflicts (3
conflicts per 15ninutes)was
included in the traffic sample

For these traffic samples
morning hourswere selected
(from 8:00 to 8:3Qfrom the
4th of July2019.

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

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

Actions werebased on
clearances for one or other of
the flights involved and were
prioritisedto offer users an ideg
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 availabl
inthe SACTA CWP (e.g. using
the HMI and voicdased
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
ARSY(GAFTAEARI D2 ¢
non-compliant with the

instruction.
Day 2 TS4 DGU Level 1 Medium The TSDGU scenario veathe
Density first of themeasuredvalidation

scenarios to be executed for
the CD&R study and focused ¢
Radar control atevel 1
automation in the DGU sector

The airspace wawmanaged by 1
ATCo who providedupport for
Tactical/Radar Control
functionsvia the CTA CWP

TS4 level traffic presentery
high complexity, medium traffig
demand (average OCC of mor
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 hounsere
selected(from 8:00 to 8:30
from the 25th of Jun019

Basic levels of automaticdhat
are the same as features that
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areavailable ircurrent day
operations were used

The XAl componentas used to
identify conflicts ando provide
alertswhich were shown ithe
associted VAdisplay
component.

No potential resolution actions
were provided, and the user
wasrequested to solvehe
conflicts that the XAl identified
with no additional assistance
from the automation
components

Conformance monitoring (both
against the propsed flight plan
and any clearance provided by
the Radar controllenvasalso
active in the scenario.

TS1.2TLU | Level 2 LowDensity | TS1.2TLU was executed with
ATCo providing the
Tactical/Radar control function
onthe TLU radar position.

TS1 trafficamples presertd
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 hourgere
selected(between2:00 to 3:00
from the 30th of Jun019

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 wable to
review the conflictthat were
reported using both features
available in the CWP and
information provided by the co
locatedVAdisplay tool.

At level 2 the user wasisked
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 voicbased
instructions to thepseudo pilot.

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

TRX.1-DGU | Level 3 Medium TR.1-DGU provided users with
Density a more complex, higher densit
traffic scenariaunning with
Level 3, full automation.

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

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

The human monitaed the
scenario, looking at why
conflicts had been identified
andassessetiow and why the
proposed solutions were
chosen as well as their
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suitahility in sohingthose
issues.

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

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

The scenario used TS2 level
traffic samples whiclpresent
low to medium complexityand
medium traffic demand
(average OCC of more than 5
flights and less than 10 flights
windows of 5 minutes) and a
medium number of conflicts3(
conflicts per 15 mig). For these
traffic samples morning hours
were selected(from 8:00 to
8:30) from the 4th of Juy 2019

TS -DGU Level2™ Medium The TS DGU scenario
Density performedon Day 2 provided
users with a more complex,
higher density traffic scenario
running atlevel2, partial
automation.

The Radar/Executive controlle
function wasprovided by 2
ATCo during the simulation
exercise.
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Users were requested to allow
the XAl components to perforn
all the conflict detection and
alerting, as well as tprovide a
set ofresolution actionghat
could be usedo solve conflicts
using one or mae of the
recommended clearances

The human role was theoth
monitor traffic inthe scenario
using the CWHooking at why
conflicts had been identified
andassessinghe proposed
solutionsto determine which
were suitable tchelp solve
those issuedJsas were not
required to use the highest
priority solution(s) and were
free to choose other
alternatives being suggested, (
to implement their own
solution(s).

Tasks alsmcluded identifying
conflicts which were not
captured by the automation, of
which weae captured but no
suitable solution was offered

Tosupport this taskhe uses
had to maintain a good
situational awareness as well 4
to monitor the conformance of
traffic anyresolution clearances
that they had selected with

the assistance of the
corformance monitoring
functionality in the XAl
components.

Traffic for the TL3 scenario
presens medium complexity,
medium traffic demand
(average OCC of more than 5
flights and less than 10 flights
windows of 5 minutes) and a
medium number of conflicté4
conflicts per 15 minutes). For
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these traffic samples morning
hourswere selected(from 8:00
to 8:30 from the 25th of June

20109.
Day 3 TS4c DGU Level 1 Medium The TSDGU scenario
Density 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.

TS1.2TLU | Level 2 Low Density | The TS1-2LU 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 comller
function with the assistance of
the XAlbased 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 The TSP GU scenario
Density 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 idetified
by the automation and the
solutions that were being
automatically applied to try to
solve them.

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

TS2.:TLU | Level2 Medium to| The TS2-TLU scenario

Low density | 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.

Tablel0. Summary of exercises Day XX

At the end of each exercise a debrief session was held an@dhé&ollercompleted 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&Bcenario #1: low (Level 1) automation

Scenario description CD&R Scenario#lprovided a series of Humain-the-Loop
simulationexercises running at Automation Lewelising the SACT]
reaktime simulation platform with the XAl and VA support to
connected.

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

As the scenar®were automation level 1, the connected tools on
provided conflict alert information. No proposals were made
actions that might help solve those conflicts, and the Rg
controller had to detemine their own resolutions and provid
clearances to traffic using the standard ATC features available i
SACTA system (i.e. using the CWP HMI features and

instructions).Human operators on the SACTA psefpilot position
implemented any instruabns provided to traffic by the user.
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Scenario ATC CD&Bcenario #1: low (Level 1) automation

The XAl also provided some conformance monitoring for flight tr
against both the original flight plans and when following A
clearances.

Low density taffic data wasised for the baseline reference scena
(TS1.4TLU) which also formed part of the training sessions that v
provided to users at the start of the validation exercises

Medium to High density traffic scenarios were used to assesg
effect of the XAI/VA support tools on the performance of f{
operatrs at level 1 (TSBGU).

The focus of the various exercises performed for scenario #1 w4

W Provide training to theATCusers in the first rounds @
exercisan the use of theSACTA CWP and other ATC features al
side the VA support display thatas ccelocated with the CWP.

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

() Use the available functions in t@eACTA CWi® manage
traffic and provide ATC services for the selediatirid ACC sector

W Help the users to become familiar with the additior
information being provided by the XAl and VA display for corj
alerts and conformance monitoring

W Let the userperform ATC ervices for the target sectors an
based on the conflict alerts provided determine and implem
suitable resolution actions using SACTA ATC features (HMI/Voi

() Monitor the compliance of traffic to flight plans and any A
clearances provided faeparation management

() Provide additional instructions to traffic to recover tf
original flight plan and coordinate the hamdf to downstream
sectors in accordance with the original flightplan / any locali
agreements

() Review the impact of theclearances provided on fligh
efficiency, safety, and ATC workload

Exercises performed Threevalidationexercises were performed at level 1 automation:
TS1.1TLUcbaseline scenario for training/familiarisation (Day 1)

TS4DGUg measured scenario with higiensity traffic (Day 2)
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Scenario

ATC CD&Bcenario #1: low (Level 1) automation

TS4DGUg measured scenario with high density traffic (Day 3)

Expected Achievements

At automation level 1, the expected achievements were:

9 Train the operational experts involved in the simulations
the SACTA platform and A$@pport features (CWP / Voiq
etc), the XAl DST and the-lozated VA support display s
that they become familiar with the available tools. T
would avoid a negative impact on the results due
ignorance or a lack of familiarity with the tools beingds

1 Contribute to a series of consecutive exercises \
increasing levels of automation support

1 Allow users to become comfortable with the functional
and features available in the validation platform
exercises)

T hoGlrAy 20aSNIFIARENDOORE G
users worked with the platform and the available featureg
identify and solve DCB related issues (all exercises)

9 Debrief users after completion of each exercise and ga
feedback / complete scoring questionnaires (all exercise

V Phase

FGAO

Use Cases

Air Traffic Controt CD&R e case

Validation Technique

ATC Redime HITLSimulation

KPA Considered

<Human Performance> <Efficiency> <Safety>

Start Date

07/03/2022

End Date

09/03/2022

Validation Coordinator

ENAIRE/CRIDA

Validation Platform

SACTATC Redlime Simulator platform

Validation Location

Madrid (ENAIRE/CRIDA Premises)

Status

Complete

Dependencies

None

Tablel1l. Description of TAPASD&RScenario 81
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Scenario ATC CD&Bcenario 2: medium (Level2) automation

Scenario description CD&R Scenari@# provided a series of Humain-the-Loop
simulationexercises running at Automation Lewelising the SACT]
reattime simulation platform with the XAl and VA support ®
connected.

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

At automation level2, the connected tools providedoth conflict
alert informationand a set oproposals for actions that might he
solve those conflictsThese were listed on a fligily-flight basis ang
included an assessed priority which helped to infidhe user about
which actions the XAl believed were the most suitable.

The Radar controllehadto review the proposed actionsnddecide
which of them to use to try to solve the conflict. No constraints w
placed on the users regarding which, or howany, solutions to try
nor whether the highest priority ones should be seleabechot. This
choice was left to each user for each conflict situattbat was
identified.

Once one or more solutions had been chosen, the Radar conti
had toprovide cleaances to traffic using the standard ATC featu
available in the SACTA system (i.e. using the CWP HMI featurg
voice instructions)As previously, timan operators on the SACI]
pseudopilot position implemented any instructions provided
traffic by the user.

The XAl also provided some conformance monitoring for flight tr
against both the original flight plans and when following A
clearances.

Lowto mediumdensity raffic data wasised for thetrainingscenario
(TR.1-DGU that was run on the fst day of the validation to allov
to usersto become familiar with the information provided by the
display support tool based on the XAl decisions

Similartraffic scenarios were used to assess the effect of the XA|
support tools on the performance of the operators at le2edn the
second and third day@S1.2TLY.

The focus of the various exercises performed for scen&iods to:
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Scenario ATC CD&Bcenario 2: medium (Level2) automation

() Provide trainingd the ATQuserson thefirst dayof exerciss
in the use of theSACTA CWP and other ATC featares advanceq
features ofthe VA support display that was-tmcated with the CWP,

() Use the available functions in tH@eACTA CWi® manage
traffic and provideATC services for the selectdtadrid ACC sector

() Allow users tointerrogatethe additional information being
provided by the XAl and VA display for conflict alerts pnaghosed
solutions

() Let the users preform ATC services for the target sectorg
basd on the conflict alerts provided determine artal select and
implement resolution actionBom the list being proposed by the X

() Transmit appropriate clearances to traffic using the SA
ATC features (HMI/Voice) based on the actions being recomme
by the XAl

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

() Monitor the compliance of traffic to flight plans and any A
clearances provided for separation management

() Provide additional instructions tdraffic to recover the
original flight plan and coordinate the hamdf to downstream
sectors in accordance with the original flightplan / any locali
agreements

W Review the impact of theclearances provided on fligh
efficiency, safety, and ATC woratb

Exercises performed Fivevalidation exercises were performed at leRedutomation:
TR.1-DGU¢ baseline scenario for training/familiarisation (Day 1)
T4.2-TLUg measured scenario wittow-med density traffic (Day 2

TS3DGUg measuredscenario with medium complexity traffic (D3
2)

T.2-TlU ¢ measured scenario wittow-med density traffic (Day 3

TS2.1TLUC measured scenario with medium complexity traffic (O
3)

Expected Achievements | At automation leveR, the expected achievements were:
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Scenario

ATC CD&Bcenario 2: medium (Level2) automation

9 Train the operational experts involved in the simulations
the SACTA platform and ATC support features (CWP /
etc), the XAl DST and the-lozated VA support display s
that they become familiar with the availabl®ols. This
would avoid a negative impact on the results due
ignorance or a lack of familiarity with the tools being use

M Contribute to a series of consecutive exercises \
increasing levels of automation support

1 Allow users to become comfortable tiwithe functionality
and features available in the validation platform
exercises)

1 Let users select and implement one or more of the soluti
being proposed by the XAl and verify that they success
resolved the identified conflict(s)

 Obtainobsery G A2yt O6W2@FSN GKS
users worked with the platform and the available featureg
identify and solve DCB related issues (all exercises)

9 Debrief users after completion of each exercise and ga
feedback / complete scoring questioaires (all exercises)

V Phase

FOGAO

Use Cases

Air Traffic Controt CD&R se case

Validation Technique

ATC Redime HITLSimulation

KPA Considered

<Human Performance> <Efficiency> <Safety>

Start Date

07/03/2022

End Date

09/03/2022

Validation Coordinator

ENAIRE/CRIDA

Validation Platform

SACTATC Redlime Simulator platform

Validation Location

Madrid (ENAIRE/CRIDA Premises)

Status

Complete

Dependencies

None
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Scenario ATC CD&Bcenario B: full (Level3) automation

Scenario description CD&R Scenario#lprovided a series of Humain-the-Loop
simulationexercises running at Automation Ledalising the SACT
reattime simulation platform with the XAl and VA support to
connected.

Simulations were performed with users working the Radar/Execy
control position for either the Toledo or DomiadJpper airspace
sectors (TLU/DGU)and dependingon the exercise they wer
supported by a planning controller.

As the scenarios were automation levegl the connected tools
provided conflict alert informationand automatically issue
clearances to traffic that should selve those conflicts

The Radar entrollers were requestedto monitor the situation
without intervening onany reported conflictsand allowing the XA
to provide a solutionUsers were also tasked with understanding
actions that had been taken and to verify that those actions w
suitable for each of the identified conflict situations. Informati
related to the conflict and associated actions was provided to
Radar controller via the elmcated VA display.

¢2 SYydzZ 4SS GKS Fdzi2zYlFGSR SES
controller provided the clearances to the SACTA system anthh
operators on the SACTA pseupitot position then implemented
those instructions without communication to the ATC radi
controllers ¢ to emulate that the automation had performed th
task

The XAllgo provided some conformance monitoring for flight trag
against both the original flight plans and when following A
clearancesvhich allowed the Radar controller to review how fligl
were responding to the automated solutions

Medium complexity, meidm densitytraffic scenarios were useibr

both the training and the measured scenarios in the level 3
automation experimentgTS-TLU for training andS3DGU for the
two measured exercisgs

Users were also required to monitor the situation to respond to
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
situation and intervene manually to resolve any-going conflicts in
a safe and timely manner.

Page611171
Co-funded by

EUROPEAN PARTNERSHIP :
the European Union




D5.2 TAPAS VALIDATION REPORT

@ sesar’

T PAS JOINT UNDERTAKING

Scenario ATC CD&Bcenario B: full (Level3) automation

This allowed the team to further evaluate the level of situatio
awareness that the Radar controllers were able to maintair|
situations where automated solutionvgere being executed.

The focus of the various exercises performed for scen&iods to:

() Provide training to theATCusers in the first rounds @
exercisan the use of theSACTA CWP and other ATC features al
side the VA support display that wasloeated with the CWP.

() Allow the users to become familiar with the addition
information being provided by the XAl and VA displaen
identified conflictswere being automatically resolved by the XAl t
andto supportconformance monitorin@f thosesolutions.

() Let the userevaluate whether theesolution actiondeing
performed were suitable for the conflict situations that occurred §
resolved them successfully

() Monitor the compliance of traffic to flight plans artte
clearances provideldy theautomationfor separation managemen

() Provide additional instructions to traffic to recover tf
original flight plan and coordinate the hamdf to downstream
sectors in accordance with the original flightplan / any locali
agreementdollowing an autonated resolution action

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

W Review the impact of thautomatedclearances providedy
the XAlon flight efficiency, safety, and ATC workload

Exercises performed Twovalidation exercises were performed at le@dutomation:

TS2.1DGU¢ measural scenario with lowmed density traffic ang
unexpected failureof automatiorfsituation recoverypy ATC (Day 2

TS3DGU ¢ measured scenario with med density traffic a
unexpected failure of automation/situation recovery by ATC (Da

Expected Achievements | At automation leveB, the expected achievements were:

9 Train the operational experts involved in the simulations
the SACTA ATC support tools and the XAl and VA
operating in fully autonomous mode. This allows users
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Scenario ATC CD&Bcenario B: full (Level3) automation

become familiar with theseie available DST capabilities &
how conflicts are solved by the tools. This helps to avg
negative impact on the results due to a lack of familia
with the tools to be used.

Contribute to a series of consecutive exercises \
increasing levels afutomation support

Allow users to become comfortable with the functional
and features available in the validation platform and the [
features being provided by the XAl

Use the features available in the VA display to underst
the solutions that wereimplemented, what they werg
solving and why/how those decisions were made

holGlAy 20aSNBIFGAZ2YIE o0W2(Q
users worked with the platform and the available )
features and VA support to identify and understand how [
related issues were actually solved by the automation

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

V Phase FOAO

Use Cases Air Traffic Controt CD&R se case

Validation Technique ATC Redime HITLSimulation

KPA Considered <Human Performance> <Efficiency> <Safety>
Start Date 07/03/2022

End Date 09/03/2022

Validation Coordinator ENAIRE/CRIDA

Validation Platform SACTATC Redalime Simulator platform
Validation Location Madrid (ENAIRE/CRIDA Premises)
Status Complete

Dependencies None

Table13. Description of TAPAS CD&R Scenarid #0
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3.3 Deviations

3.3.1 Deviations with respect to the/alidationPlan

The following deviations with respect TAPAS D5 Malidation Plan were identified:

1

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 interestingria témumber
of hotspots were finally studied by the FMP expert.

For ATFCMwtomation 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 thanriently 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 impatiearsults 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.

ForATFCMwutomation level 3, nomominal situations were tested. Howeve@&mwone of the runs
performed for this automation level were used to ask the user to try to solve the remaining
hotspots once the XAl implemented its solution. Instead, they focused their work into
understanding the solions and problems detected using the available tools.

Forthe CD&R exercise executidghe original workstation design was to provide alooated
display for information related to the conflicts identified by the Al support tool and depending
on the aubmation level, solutions proposed to help solve them. However, as this required
that the ATCdad toturn away from the standard CWP to look at the disglayg sncethe

display was relatively small in comparison to the CWP, @rhecevident that operatas 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 thferimation provided.

In response to limited availability of ATC experts to perform the experiments combined with
a2YS GSOKYAOFIfT RAFFAOMAZ 6ASa FYyR | a2YSgKI
identify and successfully solve conflicts theats 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 noaltered the meaningfulness of the exercises and the
corresponding resulfssince, as previously stated, TAPAS main objective is to define principles and
criteria for explainabilityThe deviationsdentified abovehave no major impact in this aim.
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4.1 Summary ofATFCM ValidatiomResults

The table below summarises the validation results against the stated objectives that were obtained frarRG® validation scenarios:

TAPAS ATFCM

Validation SubFocus Success Criterion Validation Results Status
Objective

OBJ1: Identify 1.1 Determine how much VA and explanatory support Users were able to access and consult the VA display

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.

principles for
Transparency of Al
based solutions

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

associated information very easily and in Bmteractive
manner.

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

Explanations provided via the VA component we
generally clear, but some issues to understand soluti
being preposed were highlighted.

1.2Identify 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 (leve
partial automation) and day 2 (level 3 full automation) a
for the final day 3 exercises, users refea that the effort
to scan both the FMP and VA displays was low

However,understanding the XAl solutions was considere
poor, particularly at level 2 (partial automation).
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Status

Effort required to gather and interpret information was
initially considered highbut improvedas the users becam
familiar with the VA display and its available features.

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

General comments from users suggested $@ine aspects
of the system were very intuitiveand both tools used
provide all the information they could need. Howevire
way the information was present in some cases we
somewhat obscure could be improved.

Additionally since the methodology applied by the X
(solve all of the problems at once) was quite different
how FMP work today (solve problems one by ogé&)was
identified that the provision of aggregated information
describing the overall effect of the solutiongould be
advantageous in future this need has been captured an
documentedas unavailable information at that momer
(the impact of the solution was included but not

aggregated way) and will be taken into consideration as
input for the other TAPAS use case of CD&R.

OK

Questionnairest 2 @He-NJ
aK2dzZ RSND 2064a8h
debriefing analysis metrics have
been identified to support the
necessary measures.

Over the shoulder observatioand the use ofdebriefing

and questionnairesat the end of each exerciggroved to

be very usefyl in particular to capture how the score
tended to improve as users became more familiar with t
platform.

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

OK

TAPAS ATFCM

Validation SubFocus

Objective
1.3Evaluate areas where the
levels of transparency may need
to be improved.
1.4 Propose suitable methods by
which the level of understanding
and trust in the Al automation
can be measured
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TAPAS ATFCM
Validation SubFocus Success Criterion Validation Results Status
Objective
the scores which becameA\va A 6 f € WY 2 NB
exercises.
OB.2: Develop 2.1Produce customised VA view VA display tools are able to The VAdisplay was able to consume data from the XAl
prototype XAI/VA to support transparency and consume data provided by the = component and to pesent a series of visual aids to help
methods for ATM use explanatory information to the XAl component to support users to interrogate information related to Hotspots and
cases to address human operator at different interactive drill down views for | solutions being identified by the tool.
transparency at levels of automation. the human operator OK
various levels of Detailed capabilities that ar8ector based and Traffic
automation based allowed users to drill down and interactivedjptain
more detailed information from the VA tools whenever
this was required.
2.2 Assess how the VA methods: Elements provided in the VA Theelements provided in the VA support tool were
can help enhance operator provide clear visual evidence designed to help users understand the issukat had
understanding and trust in Al related to theactions being been identified as well as the reasons why the proposec
based automation performed by the XAl tools solutions were selected
Users felt thasolutions were sometimes slightly difficult
to understand. However additional comments from the
users suggest that the difference in the paradigm that th
XAl uses to create solutions (solve all in one go)
contributed to these issues as it was unfamiliausers
who normally solve issues one by one.
2.3Evaluate the effectiveness of Human operators are able to use Using theVA display and features available combined wit
the transparency solutions being the visualisation to interrogate | the FMP client interface, users were able to eas OK
deployed the on-going scenario and interrogate the scenario and investigate solutions bei
solutions being considered proposed.
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TAPAS ATFCM
Validation SubFocus Success Criterion Validation Results Status
Objective
Additional explanations about how, and why, solutio
were selected wereprovided through the VA sector an
traffic exploration features.
2.4 Determine the different Human operators classify the At automation level 1 (manual) the users were able to
needs for transparency at information being provided and = easily classify information being provided (sector
different automation levels confirm that it is sufficient to load/demand charts, overloads, flight lists etc.).
explain the decisions being mad
At higher levels of automation, available information cou
be eadly found but users identified missing information
which would have helped to improve the explanations
being provided
2.5Evaluate the level of Human operators are able to In general, using the available features in the FMP clien
understanding and situational describe what the automation is: and VA displayysers were able to maintain Situational
awareness of the human as the | doing and why solutions have Awareness at all timesandremained neutral about
automation proposes / been proposed things being under control.
implementssolutions
At higher levels of automation, users reported some OK
RAFFAOMZA ié8 G2 F20dza 2y (K
aAy3atS LINRPotSYya FyR gSNB
unexpected events. This was probably dadtte
differences of the new operating method used (solve all
one go).
2.6 Verify that the human can The human was able to either . Not tested during thevalidation exercise
successfully take over and take over and complete the
I : Not tested
recover control of the situation if: current task when automation
failed,
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TAPAS ATFCM
Validation SubFocus Success Criterion Validation Results Status
Objective
the automation fails for any
reason
2.7Ensure that the human is abli The human operatowas ableo : Not tested during the validation exercise
to identify and resolve any identify andto complete any
remaining issues at the end of = remaining issues that were not Not tested
the XAl process, if present. successfly solved at the end of
the process
2.8Demonstrate how The operator confirms that the = Users responded either neutrally or slightly negatively
transparency can promote solutions provided byhe XAl when asked whether the system was useful, reliable,
operational and social R were fit for purpose accurate and understandable when automation was in
F O0S LI y &2 BGF 1L place.
solutions
Information provided to help explain Hotspot
identificationwas reported as being good, but
explanations related to solutions were reported as being
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 t
if the solutions that were implemented by the automatio
were reasonable across all airspace users, then accept
and trust would be able tbe achieved.
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TAPAS ATFCM
Validation SubFocus Success Criterion Validation Results Status
Objective
2.9 Assess shortfalls and areas | Operational experts identify Theoperational experts were able to review thidotspots
where transparency can be areas where information was that the XAl identified with relative easgtogether with
improved in future solutions insufficient to support the solutions that were included in the FMP tool and the
understanding explanations in the VA display
However sometimes the information was difficult to
understand, some explanation features wereauto
explanatory and more focused on how the XAl algorithn
worked.
In this aspect, users identified that providing informatiog
AY Fy W2LISNIGA2yL+E O2y(SE
transparency.
2.10ldentify opportunities for Additional training or processes . Following the completion of the various exercises, the
additional training to enhance the ability for the analysis team peormed a general review of the design,
XAI/VA to assist the human in execution and results of the validation scenarios and
understanding the process at results.
different automation levels has OK
been identified by the team Key points were presented to the TAPAS project partne
to provide feedback on Explainability, Tooling and Less
Learned.
Table14. Summary ofATFCMW/alidation Exercises Result
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4.2 Summary ofCD&R ValidatiorResults

The table below summarises the validation results against the stated objectives that were obtained froD&Realidation scenarios:

TAPAS CD&R

Validation SubFocus Success Criterion Validation Results Status
Objective
OBJ1: Identify 1.1 Determine how much VA and explanatory support As regular and certified users of the Spanish ATC sys
principles for additional information is needed  information that is clear and which the SACTA simulator platform replicates, users w
Transparency of Al | at automation levels 2 & 3 to understandable is provided in a . highly familiar vith the tools and features that the CW.
based solutions ensure that the humaiperators | short timeframe and the tools provided. For this reason, it was difficult for them to mo
canmake informed decisions to . provide the requied information . away from using those features when analysing predic
help solve conflicts identified by : to allow the user to rapidly conflict situations and their possible solutions during t
the system at various levels of | understand the situation being | TAPAS CD&R exercises.
automation. managed and context of the
proposed solution Nevertheless, whe instructed to use the availabl

information provided in the cdéocated VA display, use
were able to quickly assimilate the information that w
provided for a conflict and use the detailed information
review the solutions being proposed. OK

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

However, other informatiorthat was provided via the eo
located displayrelated to conflict alerts and the propose
actions was consideredery useful and allowed the user
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TAPAS CD&R
Validation SubFocus Success Criterion Validation Results Status
Objective

to quicklyunderstand the conflicand traffic involvedas
well asthe solutionsthat were proposed, even if they dic
not always agree with thpriorities given by the XAl tool.

In cases where the users disagreed with the clearar
being proposed, or those implemented automatically
level 3, they still tended to accept the solut®if they
solved the conflictg; even thoughthe solutionsdiffered
from thosethat they would have appliethemselves

However, if the proposed solution only partially solved,
failed to solve the issue, users questioned why thc
actions had been proposedn such cases, there was r
further information availablgo explain why those action
had been selected.

In conclusion, most users indicated that due to the oft
very short lead timesor conflicts to beidentified, solved
and instructions given to traffic, offering more informatic
than was already provided watd not necessarily hav
changed the understanding that they could usually acqu
in a very short time due to their own experience a
expertise in the domain.

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

Users indicated the need to integrate the VA displa
information into the SACTA CWP HMaving the display
located on a smaller screen that was next to the main C
display required the Radar controller to change frc
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Status

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

To further evaluate his effect, during some of the late
exercises some modifications were included in the CW
allow the VAdisplay information to be seen in pamp

dialogues within the main CWP HMI. When these chan
were included in the scenario it was very clear thag t
controller made more use of the information that was bei
provided than when it was located on the adjacent displ

1.2Identify 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
canhelp explain more complex
situations and the decisions that
were made is available for
consultation by the user in an
WaRSYl yRQ Y2RS

Integration of the XAl and VA information displ
components was carried out using a publ@ibscribe
Message Queue solution (RabbitMQ).

However, the refresh rates at which key flight plan and tr
data was shared with the XAI/VA was set ais@@onds dr

the experiments. This setting sometimes resulted in del
occurring between a conflict being identified and tk
related information being provided to the users.

Additionally, users needed to wait @omeoccasions for,
the information to be updated wit the set of proposed
resolution actionwhile an other occasionghe information
being displayed was modified or overitten as new or
changing conflict situations manifested which caused us
to be a little disoriented from time to time.

OK
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The consequece of these technical issues did have
noticeable impact on the users at times, and they wg
sometimes waiting for information that was expectec
(based on their own experience/expertisghen itwas not
already provided

From the perspective of validati objective 1.2, which wa
looking at both the content and delivery time for ke
support information, these technical issues provided a g
insight into what controllers would need in an eventu
operational deployment of such tools.

Information was foad to be useful and suitably presente
in a way that allowed users to quickly comprehend t
situation and understand any actions that were bei
proposed/implemented.

However, the delays in presenting information (usually ¢
to the selected data sharinfgequency of 30 seconds) di
result in some negative effects due to both unexpect
delay in the provision of that data as well as sudden updé
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 XAl has been
identified and catalogued for
future analysis

ATC weregenerally satisfied with information that wa
made available by the XAI/VA components.

Information provided was easy to use and complement
the expertise of ATCO as well as existing SACTA tool s

OK

1.4 Propose suitable methods by

which the level of understanding

+thé- NB & 3
20ashm

v dz
K

N Uy

aliArzyy
dzft RS NI

Qx¢

Over theshoulder observatiorand the use ofdebriefing
and questionnairesat the end of each exerciggroved to

OK
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and trust in the Al automation
can be measured

debriefing analysis metrics have
been identified to support the
necessary measures

be very usefuland in general howhe scores tended ta
improve as users became more familiar with the platforr

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

OB.2: Develop
prototype XAI/VA
methods for ATM use
cases to address
transparency at
various levels of
automation

VA display toolsonsumel data
provided by the XAl component
to support interactive views for
the human operatoin a timely
and concise manner.

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

Over the shoulder observation and discussions held dut
the Level 2 exercises confirmed that the ATCo tended t
use the existing functions and features within the SACT
CWP (@atures 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 thai
was able to be provided was somewhat limited, by desic
to keep it asconcise as possible,-RS LJi K WS E LJ
information was not available from the VA tool.
Furthermore, users indicated that little time is available
use information of this type in a CD&R situation since
actions need to be performed and verified ralgidbefore
moving on to the next task.

Other issuesvere identified in discussions with the users
that relatedto the setup of the working position. Since
the VA support display was located next to the main CW
and was only provided on a small laptop sre
consultation of information on that displagsulted in the
user losing focus on the main CWP anegoing traffic

OK
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TAPAS CD&R
Validation SubFocus Success Criterion Validation Results Status
Objective

situation, which in turn could risk a loss of situational
awareness or worse. Similarly, the update frequency (3
sec) and lack of cleamdication about when data was last
refreshed could lead to users being unclear whether the
information was up to date (or remaining from a previou
situation) and in some cases new data appearing on the
display could lead to other information being hidden
potentially lost.

A clear improvement in how the information was provide
and used by the ATCo was visible when the CWP interf
was enhanced to include an additional pop window for
the VA information. In this case it was clearly observabl
that the ATCo made greater use of the information than
when it was cdocated on the smaller laptop screen.

Most, if not all ATCo also indicated that they did not real
require the additional graphical view of conflict situation
that accompanied conflict detailin the VA displayn
genera) the existing tools in the CWP HMI, combined wi
the expertise and experience of the ATCo were conside
sufficient to understand all of the conflict situations rapic
without the need to consult the additional graphicaéw,

Iy Rearind (22fa Ay GKS /2t
KAIKEf& SELISNASYOSR A-ify2 6z A
function when review conflict situations and potential

clearances.
2.2 Assess how the VA methods: Elements provided in the VA Users had mixed opinions when responding to question
can help enhance operator provide clear visual evidence about visual evidence for conflict resolution proposals.
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Validation SubFocus Success Criterion Validation Results Status
Objective
understanding and trust in Al related to the actions being Low confidence in proposed actions from the automatio
based automation performed by the XAl tools which did not match how ATCO would have solved the
issue themselves influenced some of #reswers.
Questions that were directly related to the information
provided about the proposed solution, rather than its
quality were well reviewed.
2.3Evaluate the effectiveness of Human operators arable to use . User were able to easily access the information provide
the transparency solutions being the visualisation to interrogate | the VA support to understand solutions being proposed é OK
deployed the on-going scenario and using features in the CWP they could ree@ the
solutions being considered impact/applicability easily.
2.4Determine the different Human operators classify the CD&R users indicated that information provide was
needs for transparency at information being provided and : sufficient for their needs and no additional data would b
different automation levels confirm that it is sufficient to necessary to support transparency.
explain the decisions being mad
In CD&R little/no time is available for drill down actions OK
Optional detailed views are able
to support more complex
situations and can provide
additional detailed understandin
in an acceptable timeframe
2.5Evaluate the level of Human operators are able to Many responses were in agreement or neutral onmnya
understanding and situational describe what the automation is: questions relating to understanding what the automatio
awareness of the human as the | doing and why solutions have was doing/proposingHowever when trying to
automation proposes / been proposed. understand why some solutions were proposed users w
implements solutions split 40:60 between strongly agreeing and strongly
disagreeing suggesting more work is requirectiois topic.
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Validation SubFocus Success Criterion Validation Results Status
Objective

2.6 Verify that the human can The human was able to either = Technical issues with the XAl automation resulted in the

successfully take over and take over and complete the operator needing to take over control when running at

recover control of the situation if current task when automation Level 3. However, while ATCO could intervene in most

the automation fails for any failed, cases, it was not always able to be carried out in a suita

reason time.

2.7Ensure that te human is able The human operator was able : For automation level 3 scenarios the XAl only detected

to identify and resolve any identify and to complete any some (but not all) of the conflicts. Others that were

remaining issues at the end of = remaining issues that were not  identified were solved in a less tharfiefent manner or

the XAl process, if present successfully solved attheendof dza Ay 3 W2 LISy t221LJQ YI y2 Sdz

the process 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 éarances to recover the flight plan
following a resolution action.

2.8Demonstrate how The operator confirms that the | ATCO were able to understand the solutions being

transparency can promote solutions provided by the XAl proposed using the available information but on some

operational and social were fit for purpose occasions those solutions were not considered suitable

FOOS LI y oS B2CF 1N solve the problem.

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

2.9Assess shortfalls and areas | Operational experts identify In the CD&R scenarios ATC indicated that all required

where transparency can be areas where information was information was already provided.

improved in future solutions insufficient tosupport OK

understanding Some issues were reported regarding conformance
monitoring, but these were solved once users became
familiar with how this feature was supported Ithe tool.
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TAPAS CD&R

Validation SubFocus Success Criterion Validation Results Status
Objective

ATC suggested that conformance monitoring in primaril
human task.

2.10ldentify opportunities for Additional training or processes | Users responded that the system was easy to use
additional training to enhance the ability for the understand with little or no assistance from technic
XAI/VA to assist the human in  support personnel.
understanding the process at
different automation levels has = Users also indicated that little or nalditional training was
been identified by the team considered necessary

OK

Tablel5. Summary ofCD&RValidation Exercises Result

Pager91171

EUROPEAN PARTNERSHIP Co-funded by

the European Union




D5.2 TAPAS VALIDATION REPORT @ 1.

T PASICIII'\IT UNDERTAKING

4.3 Detailed analysis of SESAR Solution ValidatioResults per
Validation Objective

4.3.1 Analysisapproach

The various higtevel objectives identifiedn the TAPASalidation plan and summaridein 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 scenat@sve beercategorised g validation objectiveand sub
focus topicdor each operational domain as described beldese are theosomparedcontrasted for
each of the higHevel objectivessub focus topicsn the different validationdomains

4.3.2 TAPAS/AL OBJ 1 ¢ Principles for Tramparency

Objective 1 of the TAPAS activity aimedidentify principles for transparency of decision support
solutions that have been implemented using Al and ML techniques

The two scenarios focused on different ATM functions, one in the ATFCidqpiel planning domain
and the other for the provision or air navigation services by the ANSP for ATC Quwt#iction and
Resolution (CD&R) activities. For each donmsianaric were executed thatonsideredthe Albased
DST working at different levels afitomation:

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 autatically publishes and implements the solutions without any user
action.

Usinglow automation scenarios (level 1) the users were able to obtain a fundamental understanding
of the issues relating to the identification ATFCMlemandcapacity issues (Hotsfg) and ATCCD&R
separation issuesnflicts) At level 1, the integrated systems used to support the validation exercises
supported theinvestigation of the traffic involveds well as themanual development of suitable
solutions to help resolve the prégms. In this way, the users were able to become familiar with the
validation platform and support toalsFor AFTCM the INNOVE simulator and the FMP client
application Forthe CD&Rexperimentsthe SACT platform, and its CWPATC supporteatures

At higher levels of automation, XAl 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 implented.

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

1 YWh@SN) 0KS akKz2dzZ RSN 20aSNBIF A2y YR RAaOdzaa
exercise

9 Debriefing sessions held immetity after each exercise

Page301171
Co-funded by

EUROPEAN PARTNERSHIP :
the European Union



https://www.sesarju.eu/

D5.2 TAPAS VALIDATION REPORT @ 1;

T PASICIII'\IT UNDERTAKING

1 Completion of scoring questionnaires for each exercise.

The TAPAS validati@®BJ is made up ofour sub-criteria whose assessment results are summarised
in the followingsections Results for each of the validation domains (ATR@#v CD&R) are provided
for each of the suferiteria below. Note that when evaluating thesdbjectives, as for the other
validation objectivesonsidered in the TAPAS validati@il success criteria involved are considered
equallyandno weight is applié for their consideration.

On this basis, from the ATFCM perspective the ov&BHW1 objective result is consideregartially
achievedc since two out of four success criteria were totally achieved but the other two were only
partially achieved,

From theCD&R perspectivéhe overall OB objective is considered as having béelty achievedor
Level 2 since all the sub criteria were consideas@K.

Results for each of thi®ur subcriteriafor each ATM domaiare detailed below:

4.3.2.1 ATFCM ScenarigObjective 1.1 assessment results

SubFocus Success Criterion Success CriterioWerdict

1.1 Determine how much additioneé VA and explanatory support information is cle
information is needed at automatior and understandable and the tools are able
levels 2 & 3 to ensure that the huma provide the required information at the righ POK
operator is able to make informe¢ time.
decisions to help solv&TM problems.

Tablel6. TAPAS ATFCM OBJ1.1 assessment result

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

Thefigures belowpresentthe answers received in the questionnaren situational awareness and
explanationghat the tools provided.

As describegreviously during the threeday exercise execution there were two different FMP experts
involved in the tests. Each one of them participated during two different daysdbatto 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.

Pages11171

Co-funded by
the European Union

EUROPEAN PARTNERSHIP



https://www.sesarju.eu/

D5.2 TAPAS VALIDATION REPORT 0 ¥_

TAPASICIINT UNDERTAKING

Success Criterion 1.1. Level 2 FMP answers

Overall confidence/trust in XAl/VA information and solutions was high

Explanations provided by the HMI were clear for situation monitoring

Explanations were clear when analysing hotspot resolution options

Explanations provided by the HMI were clear when analysing hotspots
Explanations provided by the HMI were clear when detecting hotspots

Able to plan and organize work as they wanted

There was NOT a risk of forgetting something important

User did NOT focus only on a single problem

~

Able to maintain SA at all time

8

0 %

E

10% 20% 30% 40% 50% 60% 70% 80% 90% 1

H Strongly agree W Agree Neutral M Disagree M Strongly disagree

Figure4. Success Criterion 1.1. FMP answers. Augtion 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, especialgted tothe last four questions shown on

the graph related to situational awarenedsor 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.

Success Criterion 1.1. Level 3 FMP answers

Overall confidence/trust in XAI/VA information and solutions was high 1
Explanations provided by the HMI were clear for situation monitoring
Explanations were clear when analysing hotspot resolution options
Explanations provided by the HMI were clear when analysing hotspots
Explanations provided by the HMI were clear when detecting hotspots
Able to plan and organize work as they wanted

There was NOT a risk of forgetting something important

User did NOT focus only on a single problem

10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

Able to maintain SA at all time

0

E

H Strongly agree W Agree Neutral M Disagree M Strongly disagree

Figureb. Success Criterion 1.1 FMP answers. Automation level 3
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4.3.2.2 CD&R Scenarig Objective 1.1 assessment results

SubFocus Success Criterion Success CriterioWerdict

1.1 Determine how much additiona VA and explanatory support information that
information is needed at automatior clear and understandable is provided in a sh:
levels 2 & 3 teensure that the human timeframe and the 6ols provide the required
operators canmake informed decision¢ information to allow the user to rapidly
to help solve conflicts identified by the understand the situation being managed ar
system at various levels of automatior. context of the proposed solution

Tablel7. TAPASCD&ROBJ1.1 assessment result

In the CD&R case, success criterion for Objectiveviré based on the feedback received from the
expert users that worked the Radar/Executive position during the execution of thdimealATC
simulations for upper sectors in the Madrid ACC during th€ ¥dlidation experiments carried out
using the SACTA retithe simulation platform. These experiments were performed at automation
levels 2 and 3 with integrated XAl automation components providing conflict alerts, resolution
proposals and providing confmance monitoring services. Key information relating to the conflicts,
associated resolution actions and conformance were shared through thecated VA information
display.

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

Success Criterion 1.1 Level 2 ATCO answers

I understood the consequences of the proposed conflict resolution actions

I had a clear vision of the proposed conflict resolution actions

| was able to identify all conflicts

[

| was NOT disturbed by an excess of information

The information provided was sufficiently complete for my needs

Required information was easy to find without the need to search

| had an adequate graphical view of the conflicts

)

| has a global view of all the potential conflicts

I was ahead of the traffic

| was able to plan and organise my work as | wanted

0

=

6 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Strongly Agree M Agree Neutral ™ Disagree M Strongly Disagree

Figure6: Success Criterion 1.1 ATCO answers. Automation level 2

Responses confirmed that information was readily availaddsy to accessandthat it was clear and
able to be understoodn a timely mannerAs seen in the selection of questions shown for Level 2
above, a high number of answets questions relating to Objective 1 sub criterion hdreedor
strongly agreedvith the statements

Users considered thahe information provideda 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 ¢lokarview and were
ahead of the traffic and fully capable of planning and organising the work that they needed to do.

Success Criterion 1.1 Level 3 ATCO answers

I understood the consequences of the proposed conflict resolution actions

I had a clear vision of the proposed conflict resolution actions

| was NOT disturbed by an excess of information

The information provided was sufficiently complete for my needs

Required information was easy to find without the need to search

I has a global view of all the potential conflicts

| was ahead of the traffic

| was able to plan and organise my work as | wanted

o
ES3

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

H Strongly Agree M Agree Neutral M Disagree M Strongly Disagree

Figure7: Success Criterion 1.1 ATCO answers. Automation level 3

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

4.3.2.3 ATFCM ScenarigObjective 1.2 assessment results

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

SubFocus Success Criterion Success CriterioWerdict

1.2 Identify when supporinformation | Key data that can be easily understood by the hu
is required, what level of detail ii has been identified that supports transparency ne
needed and how should it be provide and is provided in the required time frameat an
in a timely manner. appropriate frequency

Table1l8. 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 humarmrload. 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 tespecially for automation level 2
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Success Criterion 1.2, Level 2 FMP answers

The system was understandable during the run

Effort to scan the available information on FMP screen was low
There was NOT a risk of forgetting something important

Effort to detect potential hotspots was low

Effort to gather and interpret information was low

Q
®

10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

WStronglyagree M Agree ' Neutral ®Disagree M Strongly disagree

Figure8. Success Criterion 2ZFMP answers. Automation level

Success Criterion 1.2. Level 3 FMP answers
The system was understandable during the run

Effort to scan the available information on FMP screen was low

There was NOT a risk of forgetting something important

Effort to detect potential hotspots was low

Effort to gather and interpret information was low

8
K

% 10% 20% 30% 40% 50% 60% T0% B0% 90% 1

mStrongly agree  m Agree Neutral mDisagree ™ Strongly disagree
Figure9. Success Criterion 2 FMP answers. Automation levd

4.3.2.4 CD&R Scenarig Objective 1.2 assessment results

In the CD&R scenario, objective tdhsidered when support information is requirethd 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 solventifgedie
conflict(s).

SubFocus Success Criterion Success CriterioWerdict

1.2 Identify when support information Key data that can be easily understood by the

is required, what level of detail ii human has been identified that supports

needed and how should it be provide transparency needs and is provided in the require
in a timely manner time frame and at an appropriate frequency.

Additional information providing more detaile
information that can help explain more compl
situations and the decisionshat were made is
F@GFrAtlotS F2NJ O2yadA G-+
RSYIFYRQ Y2RS AF NBIdzA N

Table19. 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 thatconsidering theinformation provided bythe VA support, combined with their own
SELISNASYOS YR (KS AyF2NXNIGA2Y yR (G22ta | @At

R26y Q Ay T2 N IFurtheBmbre, i additiontal ditdown detailsexisted, they would be

unlikely to consli it in an operational situation (although this may be useful in a simulation exercise
and/or to help validate, certify or enhance the automation toglghich was outside the scope of the

TAPAS analysis).

As seen in the responses to questions relatinglgective 1.2 topics, responses were predominantly

in strong agreement with the statements provided and ATCO were happy with the information being
provided, its contentand ability to support transparency and understanding of the situation and
proposed ations. 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.

Success Criterion 1.2 ATCO answers - Automation Level 2

I found the various info items in the XAl tool were well integrated _ 3 _
The effort to gather and interpret information was low _ 4
The effort to access relevant aircraft or flight information was low _

‘
[
IIM’U

The effort to scan the radar info or any display was low

The effort to identify potential conflicts was low

The information provided was sufficiently complete for my needs

Required information was easy to find without the need to search

User was NOT surprised by an event that they did not expect

[

User did NOT focus only on a single problem

o

~

| had an adequate graphical view of the conflicts

| has a global view of all the potential conflicts

0

B

10% 20% 30% 40% 50% 60% 70% 80% 90% 1

3

W Strongly Agree M Agree Neutral M Disagree B Strongly Disagree

Figurel0. Success Criterion 2ATCO 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 itrrerddiicult 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 automatisrtryiag

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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Figurell Success Criterion 1.2 ATCO answers. Automation level 2

4.3.2.5 ATFCM ScenarigObjective 1.3 assessment results

SubFocus Success Criterion Success CriterioWerdict

1.3 Evaluate areas where the levels . Information that is unavailable but could help durir
transparency may need to beproved. the use of the proposed XAl has been identified &
catalogued for future analysis.

Table20. 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 systemwere 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 specificalljmentioned that the visualisation of aggyated information describing the impact of

the proposed measures could be very useful in the future when assessing the effectiveness of the XAl
solutions. This was considered especially necessary since the methodology applied by the XAl
algorithm consistedn 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 informatidgheimpact 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 ke taken into consideration and included when tackling the other
TAPAS use case, the CD&R.

4.3.2.6 CD&R Scenarig Objective 1.3 assessment results
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