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Digitalization of infrastructure — a few basics — cost reduction — applied to ATM
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Automation

Automation in ATM
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House keeping in ATM?
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International Federation of Air Traffic Controllers’ Associations
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MUAC Traffic prediction

EUROPEAN AVIATION ARTIFICIAL Lateral Use Case
INTELLIGENCE HIGH LEVEL GROUP
The FLY Al Report =~
ing and ing Al in Aviation/ATM P
5% March 2020 The algorithm predicts clearances to fly direct routes
avolding the sector that was originally planned. Flow
is London-Berlin.
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Better prediction of Top Of Descent allows to

identify flights that leave MUAC airspace before
reaching the planned exit sector. Flow is Madrid-
Frankfurt
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European Union Aviation Safety Agency

Artificial Intelligence Roadmap A B v
A human-centric approach 117 UC-SC301  Multiple UAS or Manned Aircraft Prioritizing Airspace Access Request
to Al in aviation 2 18 UC-SC302 Unexpected Bad Weather in flight path of UAS
3 19 UC-SC303  Unexpected Terrain in the flight path of the UAS
4 20 UC-SC304 Go-Around Prediction
5 121 UC-SC305  Air Traffic Control Routing
6 22 UC-SC306  Training of Operators (ATC)
7 23 UC-SC307  Air Traffic Flow Management
8 24 UC-SC308  Time-Based Separation
9 25 UC-SC309  Remote Towers
10 26 UC-SC310 Ground Operations Taxi
11 ]27 UC-SC311 Taxi to Runway Operations
12 28 UC-SC312 Fuel-Efficient Runway Affectation with RL
13 129 UC-SC313 Fuel-efficient Runway affectation
. 14 30 UC-SC314  ATC System sends auto routing commands to UAS.
L 15 [31 UC-SC315  Voice to text E U R O C A E
easa.europa.eu/ai 16 |32 UC-SC316  Voice or text to intent

17 |33 UC-SC317 Target Detection, Classification and Identification




Al for safety-critical systems

Same level horizontal separation

pe

IFATC

|
J

>




| for safety-critical system

Source: X.Comte

Same level horizontal separation

IFATCA

Source: skyguide

Air traffic controller
Airtrafficconfroller

Operational Situation
(safety, efficiency, environment)

Systems (info & alerts)

Air traffic controller

Situation Assessment

Surveillance syst. N Interpretation | Anticipation
(+ radar display) - Perception of of current on fut_ure
G i > situation situation
Systems k
[ Procedures ] T l
p ~ f T \ / \ Attention management
Strat Team Tactical &
Traffic = Traffic Workload management
Other controllers 7 =
4 Aircraft position
A =3 11
Sector
Adjacent o
sectors ] [ Traffic m'xi ] Problem solving & decision making

o
Pilots — Traffic flows
& routings
Weather situation

Traffic volume &
density

([ Solving conflicts ] [ Planning ] dzk;ongs

Flight planning
& flow managemen Supervisor

A Py . _4

Emergency or
\xmp(ional situation)

[ s |

1

Actions

RT Coordination

I

Source:Marian Schuver- van Blar

ken



Al for safety-critical systems

- Prototype solutions

- Alot of cognitive workload for the ATCOs
- Housekeeping tasks increase

- Workload increases — and limits capacity
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Same level horizontal separation

PREDICTION OF CONFLICT FREE TRAJECTORIES USING SUPERVISED
MACHINE LEARNING;, INITTIAL INVESTIGATIONS

Raphaél Christien, Karim Zeghal, Eric Hoffiman
EUROCONTROL Experimental Centre, France

Abstract Introduction

This paper presents 1nitial investigations

”1:1115 p apel ‘Plgsellts . untlal_ mvestigations regarding the prediction of conflict free aircraft

- - ircraft . : . . . .
Human Factors and Aerospace Safety 5(1) 23-42 FINAL DRAFT e tjectories using supervised machine learning. The
- T i motivation is to investigate the feasibility of conflict
© 2005, Ashgate Publishing t free . o L
Lon 2 resolution based on listorical data, mumicking
fon 1 controller resolution patterns from similar traffic
of rea

A . T ffo C l busy situations (imitation learning).
lr ra lc O ntrO We follow the approach recently developed for

ample
cently  predicting mobiles future positions, taking into

. ) . - . . .
° icles, account their contextual information including
autO matlo n ° fO r hu m an s O r issical  surrounding mobiles, in the domain of self-driving
ed in  vehicles [1]. This approach relies on a deep learning

‘) model model, a classical convolutional neural network
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Predicting Airplane Go-Arounds Using Machine
Learning and Open-Source Data

Benoit Figuet *, Raphael Monstein ', Manuel Waltert ! and Steven Barry 2

1 Centre for Aviation, School of Engineering, Zurich University of Applied Sciences,
8401 Winterthur, Switzerland; raphael. monstei haw.ch (RM.); l.waltert@zhaw.ch (M.W.)
2 Safety and Assurance, Airservices Australia, Canberra, ACT 2601, Australia;
steven.barry@airservicesaustralia.com
*  Correspondence: benoit.figuet@zhaw.ch
t Presented at the 8th OpenSky Symposium 2020, Online, 12-13 November 2020.

check for
Published: 1 December 2020 updates
Abstract: Go-arounds (GAs) are standard air traffic control procedures during which aircraft approach
a runway but do not land. The incidence of a GA can subsequently affect the worklo
crews and air traffic controllers, and might impact an airport runway’s throughput capa
study, two different modeling methods for predicting the occurrence of GAs based on o
Automatic Dependent Surveillance-Broadcast (ADS-B) and meteorological data are
A macroscopic model quantifies the probability of a GA within the next hour for an Glide Slope Localizer deviation Specific Energy
applving a generalized additive model. A microscopic model emplovs a number of machi

Proceedings 2020, 59, 6 8of12
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Figure 6. Profile of stability metrics and mean distributions.
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ATM is decision making in an uncertain environment
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ATM is decision making in an uncertain environment
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TOWARDS UNMANNED SHIPS AND AIRCRAFT?
To what extent can humans be replaced by machines?

3.4 Will artificial intelligence meet future
requirements?

Today, starting from a situation report provided by the information system, the
autonomous operation of the vehicle is controlled by deterministic algorithms
covering all imagined events or situations requiring the triggering of a predetermined
reaction. Depending on the applications requested, these software programmes can
correspond to varying degrees of quality, security and reliability. They can only
respond to anticipated situations. The use of artificial intelligence, in particular deep
learning (often qualified as non-deterministic), is often mentioned as the basis of
tomorrow’s embedded intelligence, due to its ability to interpret a considerable
amount of data and to deduce optimised behavioural strategies from an almost
infinite number of possible solutions.

However, it throws up important questions related to the existence of a probability
of error and uncertainty intrinsic to these concepts. By construction, artificial
intelligence software can only interpret situations and act according to its learned
data. Accumulating data for a multitude of events, including the least likely, will
require an “infinite” amount of time and memory in order to enable such systems to
handle the unexpected. The testing and validation-certification capacity of such
software will face identical difficulties, with validation and certification all the more
difficult since the system will over time build its own experience and its modes of
reasoning which, at the current stage, are mostly without rational explanation.

For as long as cooperation is expected between onboard artificial intelligence
and a human operator, whether on board or on land, the logic of the automated
system will need to be fully intelligible to the operator, which should rule out
the use of non-deterministic processes in driving or piloting functions
involving the safety of the vehicle for a very long time.

TOWARDS UNMANNED
SHIPS AND AIRCRAFT?

To what extent can humans be
replaced by machines?

11.2 Towards an evolution of the law?

The evolution towards vehicle autonomy is of particular concern to the legal
profession since this reality is recognised by law (law on mobility).

Consequently, two schools of thought oppose each other:

+ one considers that lawyers must go ahead and create, as of now, a new type
of legal personality for robots, in order to support, but also to secure and
legitimise, technical development. However, simply observing that the degree
of intelligence of the most developed systems today does not exceed that of
an ant is enough to render this thesis unrealistic for a long time to come;

+ the other believes that the law quarantees social stability thanks to the conti-
nuity of legal concepts. The set of norms with which we live enable us to
resolve a large part of any problems arising and to answer the essential
guestions thrown up by technological development. According to this
category of jurists, it is therefore useless to create new concepts. It should be
left up to judges to develop the interpretation of texts in a way that accompa-
nies scientific evolution.
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Joint: Human and Machine
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Traditional Approach to implementing
new technology

Men-Are-Better-At/Machines-Are-Better-At

Task
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Human Technology/machine

Fitts, P.M. (ed) (1951). Human engineering for an effective air-
navigation and traffic-control system. National Research Council,
Washington, D.C.
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The Joint Human Machine System goal

Closer collaboration between operators,
system designers, system decision makers
and the public

Human and machine complement each
other to achieve system goals

A humanistic design that allows humans
to recover from the rare high-risk
scenarios

Automation should not be Human versus
machine, automation should be seen as human-
machine coordination as a team.

HALA, 2010
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What is needed?

>

e Future technical improvements needs to focus on systems rather than
components and on tasks rather than structures to be able to cope with

complexity and deliver the expected benefits

* A participatory design or co-operative design, that actively involve all
stakeholders (e.g. employees, partners, customers, citizens, end users) in the
design process to help ensure the result meets their needs
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In 2021, you will be looking forward to...
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Where is the wisdom we have lost in knowledge?
Where is the knowledge we have lost in information?
T.S. Eliot (1934)
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