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What is TAPAS about?
 ATM system very close to saturation point

Actual and forecast IFR traffic evolution (ECAC area)

Share Of en-route ATFM delayed ﬂlghtS (%) i STATFOR, October 2021 forecast
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Most priority need: Capacity -> Higher levels of Automation, as key enabler
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What is TAPAS about?

 Introduction of Al/ML techniques as a mean to achieve higher levels of automation

e But... this brings new challenges: ATM is a safety-critical domain, where operators need to rely
in the system, which in previous experiences is not trivial

* TAPAS: Towards an Automated and exPlainable ATM System

* Focus on transparency of Al/ML models applied in ATM use cases (highest priority to enable
adoption of these technologies)
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Transparency

* Explainability can be, in this context, understood as Transparency

* In Al decisionsis about getting high levels of confidence regarding the
veracity of a decision or answer provided by a machine for a given problem

* Not all use cases will require a similar level of explainability: it will depend
on several factors, such as safety criticality.

Example: Neural networks tend

Performance
of the Al/ML Transparency to provide valuable results, but
model they are a black-box. When and

how they could be applied?

TAPAS will address two use cases: Non-Safety critical (ATFM) and Safety critical (CD&R, ATC related)
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Automation in ATM

Today
(Baseline)

TAPAS
target

Definition of Level of Automation per Task

Automation Level Targets
per MP phase (A, B-C, D)

Definition

Information : Decision and 2
Acquisition In:::“‘::n Action " mabn Autonomy
and Exchange = Selection P

Level 0

Low
Automation

Level 1

Decision
Support

Automation supports the human oparator in information
acquisition and exchange and information analysis

Automation supports the human operator in information acquisition
and exchange, information analysis and action selection for

some tasks/functions

Air Traffic
Control

U-space
services

I Actions ci only be initiate § by Human

Level 2

Task
Execution
Support

Level 3

Automation

Automation supports the human operater in information acquisition
and exchange, information analysis, action selection and action
implementation for some tasks/functions. Actions are always

initiated by Human Oparator, Adaptabla/adaptive automation
concepts support optimal socio-technical system performance.

Automation supports the human oparator in information acquisition
and exchange, information analysis, action salection and action
implementation for most tasks/functions, Automation can
initiate actions for some tasks. Adaptable/adaptive automation
concepts support optimal socic-technical system performance.

Action can be initiated by ﬁomalhm

Level 4

Automation

Automation supports the human operator in information acquisition
and exchange, information analysis, action selection and action
implementation for all tasks/functions. Automation can initiate
action for most tasks. Adaptable/adaptive automation concepts
support optimal socio-technical system performance.

Level 5

Full
Automation

Automation performs all tasks/functions in all conditions,

There is no human operator.

Degree of automation support for each type of task
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Human-Centric ATM

Explainability linked to the idea of human-centric Al

Progressive evolution of the breakdown of tasks
between human and machine

Machines are good at:
* Long, monotonous tasks
* Assembling information to reach decissions
e Finding patterns and trends
* Fast reaction

__  Bettertogether...if combined in a
Humans are good at: right way

* Holistic perspective
e Think outside the box
e Creative solutions
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Use cases - ATFCM

SATCMTmcone/ T  levell | Level2 | Level3
;Trafﬁc Demand Monitoring Machine Machine Machine
éld entification of imbalances Machine Machine Machine
E.Anal'y'sis of the imbalances detected Human Machine ; Machine
éld entification of hotspots / optispots Human T Machine Machine

EDecIaratinn of hotspots / optispots Human | Human | Machine

EPreparatiun of DCB measures to solve the hotspot
! =  Capacity Measures (sector configuration)
=  ATFCM Scenarios
*  Trajectory Measures
*  ATFCM Regulation
» Selection of candidate flights
*  Analysis of the DCB measure impact = What-if

Human Machine | | Machine

El:lev:isinn on the DCB measure and flights impacted | Human Machine

;Implementat[un of DCB measures ¢ Human Machine

EHcrtspnt resolution monitoring . Human | Machine | Machine
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Use cases — CD&R

. . Automation Automation Automation
CD&R (Executive) Functions / Tasks ) Level 1 Level 2 ‘ Level 3
Assessment of the planned and desired trajectory profile | Human Machine I Machine
Identification of potential conflicts Machine Machine Machine
L?:::;ﬂzi’iior)?opzialconflict resolution strategies and Human Machine Machine
Clearances implementation Human Human Machine]
Conformance Monitoring Machine Machine Machine

Conformance Monitoring Resolution l Human Machine l Machine
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General Project Objetives

Identification of principles and criteria for Al/ML transparency/explainability in
{%} ATM domain scenarios

The project explores the use of XAl and VA to apply them in the operational cases
ccl)nf.cldered, through practical experiments and validation activities in simulation
platforms.

General principles

.G} Selection and development of suitable and explainable Al/ML methods in the
operational cases identified, to fit the needs of transparency as expressed in the
explainability criteria developed for each automation level and according to actors’
needs

Specific examples and prototypes supporting the general principles
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The Storyboard

GENERAL ATFM

Operstional Use
Case Description

ATFM
Transparency

Requirements

Technological
Use Case
Description

T0+2 TO+4 T0+6

CDR

CDR
Transparency

Requirements

TO+10

[T0+10, T0+1

Principles for
ATFM i
Validation '“TF“;::gfraﬁ"” AlfML Automation
Activities

(interim)

RTS, Gaming, . {earlier
when no prototype is

[TO+19, T0+20]

GENERAL

CDR Principles for

ot cor validation Transparency in
Va'll_ﬂi?t_l[)l‘l T g ion
Activities (Levels 2 & 3)

ATS, Gaming, ... (earfier
when no prototype is
needed)

TO+21 T0+22 T0+24
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Operational Staff

ENAIRC =

Participationin use case refinement + requirements
Participationin functional roadmap

Participationin validation & testing activities
Participationin workshops

EUROCONTROL

INNOVE
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Some background

EUROPEAN AVIATION ARTIFICIAL )f E AS A
INTELLIGENCE HIGH LEVEL GROUP

European Union Aviation Safety Agency

The FLY Al Report

Demystifying and Accelerating Al in Aviation/ATM

5t March 2020

Artificial Intelligence Roadmap
A human-centric approach
to Al in aviation

WITH INPUTS FROM EDA MILITARY EXPERTS AND NATO ATTENDING IN AN OBSERVING CAPACITY !%\ u

areus ASD & € teathrow Honeywel T watex @ s=ar “rhaLes i N ;
= U - easa.europa.eu/ai
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Experiments with XAl

* Prototypes based on a multi-agent system based
on reinforcement learning

* Explanations provided visually to ATC by means of
Visual Analytics combined with XAl prototypes
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Levels of Explainability

/OSeIf-epranatory (no additional information is provided) = The \
operator would understandwhat is proposed intuitively, based on
background andexpertise

e Explainabilityon demand (the system may provide additional
information to explain the solution reached, available if requested
by the operator)

e Explainability by default (the system acknowledges the unusual
condition of a solution reached and provides by default

\explanations on it) =2 Initial intended use: training & certification/

Not all situations require the same explainability solution: actor (operator,

Vi

WORK IN PROGRESS

regulator, society), context (certification, training, operation), operational context

(safety-critical, strategic/planning...)
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Explainability: Initial findings

Trustworthiness is the best explanation

Explainability requirements are different: system design & certification, and operation

Aggregated information: hotspots with ID, total delay, benefited and penalized flights...

Some solutions are too complex for a human to understand in real time
— the added value window is limited

, - . . -y, \
Proposed Solution is self-explanatory Proposed Solution is complex but |  Proposed Solution is too complex for an average human to compute
Explanations do not add significant value explainable for a human Explanations are unnecessary — operator needs to trust ' 2
2 DY
—

Main working region for
explainability in Operation |

N
I Main working region for explainability
\ in Certification/Testing

N 7/
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Modes of Operation: Resilience

* Higher levels of automation imply that the system may reach levels beyond the human
capabilities to override in a safe and reliable way

i A
Capacity

Al Capacity

ATCO Capacity

Time

Excess from human capacity
— Override requires a safe
“backto nominal’ mode

Loss due to lack of
human intervention

Extra capacity, enabling
resilient and scalable
ATM

New challenges ahead
for uptake of ATM
domain of Al/ML

techniques
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