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ABBREVIATIONS & DEFINITIONS

* A-SMGCS Advanced Surface Movement Guidance & Control System. Is a system providing

* ACC

* ADS-B

* AFIS

* AFISO

« AIS

* ANS

* ANSP

* ATC

routing, guidance and surveillance for the control of aircraft and vehicles in order to
maintain the declared surface movement rate under all weather conditions within the
aerodrome visibility operational level (AVOL) while maintaining the required level of

safety.

Air — Ground.

Area Control Center. is a regional control center responsible for providing air traffic
services to controlled flights in the airspace under its responsibility, generally an entire

flight information region and the control areas contained therein.

Automatic Dependent Surveillance — Broadcast. 1t is an instrument used to
determine the position of an aircraft. Consequently, it is not used for communication
between pilots, but only between aviation systems. For example, with the help of an
ADS-B, ATC can orient aircraft in the sky much more accurately. This system,
coupled with a GPS, can determine the position of an aircraft with a high level of

accuracy. In addition to location, it also provides various meteorological information.

Aerodrome Flight Information Service.

Aerodrome Flight Information Service Officer.

Aeronautical Information Service.

Air Navigation Service.

Air Navigation Service Provider.

Air Traffic Control. Is the set of rules and organizations that contribute to the safe,
expedited and ordered flow of aircraft traffic on the ground and in the skies around the
world through the application of appropriate procedures and the use of communication

and, when available, surveillance radar systems.



+«ATCO

«ATFM

«ATM

* ATS

* AWOS

« CHMIM

+CNS

¢« Common
Project

* CWP

* DLR

Abbreviations & Definitions

Air Traffic Control Olfficer. People trained to maintain the safe, orderly, and

expeditious flow of air traffic in the global air traffic control system.

Air Traffic Flow Management. A function established to contribute to the safe,
orderly and rapid flow of air traffic, ensuring the optimal use of air traffic control
capacity, and to verify the compatibility of traffic volume with the capacities declared

by the relevant air traffic service providers.

Air Traffic Management. The set of air and ground functions (air traffic services,
airspace management and air traffic flow management) required to ensure the safe and

efficient movement of aircraft during all phases of operations.

Air traffic services: are services provided to air traffic by an air navigation service

provider or ANSP for the safety and regularity of air traffic.

Automated airport weather station : Airport weather stations are automated
stations designed to serve aviation and meteorological operations, weather forecasting

and climatology.

Controller Human Machine Interaction Management

Communications, Navigation and Surveillance

A Commission Implementing Regulation which mandates the implementation of the
most essential operational changes in the European ATM Master Plan by the Member

States of the European Union and their operational stakeholders.

Controller Working Position

Deutsches Zentrum fiir Luft- und Raumfahrt e.V. Is the German space agency and
is responsible for national research in the fields of aviation and space flight. The
center also manages the research of the Helmholtz Association. Research programmes

include complex national and international projects.



Abbreviations & Definitions \Y;

* E-OCVM  European Operational Concept Validation Methodology

ce.g.

* EFS

* G/G

* HMI

«i.e.

* MET

* MRTM

* OTW

« PCP

- PPP

* PTZ

Cameras

*RTC

exampli gratia.”’e.g.”. Is an abbreviation of the Latin phrase exempli gratia, and

means "for example".

Electronic Flight Strip.

Ground — Ground.

Human Machine Interface.

id est. "i.e." is an abbreviation of the Latin id est , and means "that is".

Meteorological

Multiple Remote Tower Module

Out The Window

Pilot Common Project. PCP is the first Common Project and is defined by the
Regulation (EU) N°716/2014.

Public—Private Partnership. PPP is a long-term arrangement between a government
and private sector institutions. Typically, it involves private capital financing

government projects and services up-front, and then drawing revenues from taxpayers

and/or users over the course of the PPP contract.

PAN-TILT-ZOOM

Remote Tower Center



vi Abbreviations & Definitions

- SDM SESAR Deployment Manager. SDM function consists of the synchronization and the
coordination of the deployment of the Common Projects

* SES Single European Sky

* SESAR Joint

Undertaking Set up to manage the activities of the development phase of the SESAR project. The

* SESAR

« SHADOW
MODE

* SLG

* TAF

* TMA

* TRL

*TWR

aim of the SESAR Joint Undertaking is to modernise the European air traffic
management system by coordinating and concentrating all relevant research and
development (R&D) activities in the EU. It is responsible for the execution of the

European ATM Master Plan.
Single European Sky ATM Research. A project to improve ATM performance by

modernising and harmonising ATM systems through the definition, development,

validation and application of innovative technological and operational ATM solutions.

A way to speed up the process of introducing new tools is to actively involve
stakeholders in the validation process through the use of 'shadow mode' techniques. In
these techniques, the proposed new system is brought into the operations room and
exposed directly to the controllers. In this way, controllers can quickly identify

limitations or opportunities in the system and provide timely feedback to the developers.

Signal Light Gun.

Terminal Aerodrome Forecast.

Terminal Control Area.

Technology Readiness Levels.

Tower: is the Air Traffic Services authority responsible for providing the air traffic

control service at an airport, as well as being the name of the building that houses it.
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*VCS Voice Communications System.

VP Visual Presentation.
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ABSTRACT

The symbol in air traffic control (ATC), essentially unchanged since the beginning of
commercial air traffic early last century, is the characteristic control tower with its large, tilted
windows, situated at an exposed location, and rising high above the airport.

“Remote Tower” is changing the provision of Air Traffic Services (ATS) in a way that it is
more service tailored, dynamically located and available when and where needed, enabled by
digital solutions replacing the physical presence of controllers and control towers at aerodromes
with a remotely provided Air Traffic Service for Multiple Aerodromes.

Thanks to Professor Fabio Olivetti and the availability of ENAYV spa, [ was able to study this
phenomenon that will mark an epochal change, analysing the experiments and validations

carried out in the last years.



1. INTRODUCTION

Air traffic controllers (ATCs), also improperly named “radar men”, are professionals involved
in the provision of air traffic services in airspaces around the world, with the aim of maintaining
a safe, expeditious and orderly flow of air traffic.

The main task that ATCs are called upon to perform is to constantly monitor the
position, speed and altitude of aircraft, assisting, instructing and authorising the flight crew
according to specific separation rules in order to keep aircraft at a safe distance from each other,
both in the air and on the ground. Among other tasks, ATCs are also responsible for emergency
management and the activation of the airport emergency plan in the event of an accident. The
language normally used in communication between ATCs, and aircraft flight crew is English,
for which all ATCs must be certified, irrespective of their geographical location and what their
mother tongue is. The use of the local language or any other language known by both sides is
only used when necessary for safety, to avoid misunderstandings.

The ATC profession is highly specialised, requires high levels of knowledge, skills, and
competences; it can be notoriously stressful depending on numerous variables (traffic volumes,
weather situation, breakdowns, etc.), and is globally regarded as one of the most mentally
demanding professions due to high responsibilities and the need to make numerous real-time
decisions in highly dynamic scenarios. Depending on their specific qualifications and the

service they are called upon to provide, ATCs can be divided into three main types:

e Tower Controller (TWR) - works in airport control towers managing all traffic on the

ground, on the runway, and in the immediate vicinity of the airport.

e Approach controller (APP) - works in special control tower rooms or at area control
centers managing routing to and from the airfields, separating arrivals and departures,

and setting arrival sequences with appropriate spacing between successive aircraft.

e Area controller (ACC) - works in area control centers managing en-route traffic along

airways.

The Control Tower building, of a height appropriate to the size and surface area of the
airport, is the workplace of the TWR controller. The control tower height must be such as to
allow the best view of the runways, aprons and in the air in the landing directions; it is normally

located

11



12 Introduction

at a safe distance from the runway, approximately halfway, or near their intersections if there
is more than one runway. Having a good view of the airport is essential because the Aerodrome
Control Service (ACS) is carried out mainly by observing what is happening on and around the
airport. Over the years, technology has developed considerably to assist the controller in

performing his tasks, trying to get closer and closer to ENAV's objective: the zero error.

“But what about the small airports that cannot afford this technology? And can we still in the
21st century base airport security on a limited number of controllers per zone?

These questions may seem trivial, but they are not.

The Multiple Remote Tower (MRT) aims to answer these questions, giving to the airport world
a high level of ATCS service independently of geographical location. For several years the
German Aerospace Center (DLR) , SESAR and ENAV have been studying a new method of
digitalising airport traffic to process this data and transfer it to a remote tower center which will
provide the air traffic control service remotely. MRT is a very radical proposal and only in
recent years is it clearly becoming possible at a reasonable cost. In Chapter 2 —“PROBLEM
ANALYSIS AND PROJECT HISTORY”, we will introduce the history and issues that led to the
adoption of this technology by SESAR.

In Chapter 3 —“SESAR SOLUTIONS PROCESS & PROJECTS” we will analyse
SESAR itself, its method of project development from the initial idea to the industrialisation of
projects, passing through a large number of intermediate stages of review and approval,
finishing with a general overview of the main projects currently carried out by SESAR.

In Chapter 4 —“SESAR 2020 WAVE 1 -PJ 05 REMOTE TOWER FOR MULTIPLE
AIRPORTS”, we will examine in detail the project of our interest, namely PJO5 - Remote
Tower for Multiple Airports (MRT), identifying the various roles within the MRT, the way in
which operators communicate each other and with the rest of the airport operators.

We will go through an ergonomic analysis for the choice of instrumentation to favor a high
level of situational awareness of the controller, and we will study the various validation steps
faced to make this technology became reality.

Lastly, the thesis concludes with Chapter 5 —“SESAR 2020 WAVE 2 — PJ05-W2-
DTT?”, where we report on the PJO5 validation experience at the ENAV Academy in Forli,
which I had the honor of attending in person and was able to get a taste of this now very close

future.



2. PROBLEM ANALYSIS AND PROJECT HISTORY

2.1.IMPORTANCE OF LOOKING OUT FOR ATCO

The air traffic controller is largely dependant on visual information retrieved by direct
observation of the real world scene. Studies on local controller’s activity showed that they spend
most of their time looking out of the window and at radar images.

The most complete study investigating the behavioural analysis of the tower controller
activity, using video based eye/head tracking was conducted by Hilburn (Hilburn, 2004a). The
observation was performed at Arlanda Airport (Sweden) on 27 April 2005 taking into account
the working hour between 14.00 and 15.00.The study consider the position facing runway
exclusively assigned for landing recording, during good visibility conditions, without traffic
restriction.

The observation was based on the camera recordings and the audio of the controller; In
order to describe controller’s performance the following activities were distinguished:

> Window: When the controller was looking outside the window in front of his position.

> Radar: Describes the time when the controller was looking or manipulating with a radar

or screen providing meteorological information.

> Strips: Describe the time when the controller was scanning, ordering or writing on the

strips.

> Strips delivery: describe the time when the controller was out of the working position,

allowing him to scan the window in order to provide strips to other positions.

> Coordination: activity of the controller to discuss and arrange traffic between the

Ground control, Supervisors or Flight Data Assistant.

> Clearance: describes clearance issues. Main two kinds of instructions remarked:
* Landing Clearance (instructions for aircraft that are still airborne -“clear to
land” and “continue approach”)

*  Runway vacated ( instruction to aircraft that already landed - “contact ground”).

> Non active: describes the time when a controller was not occupied with control activity
due to low level of traffic, he was involved in other activities (chatting with others,

resting) while remaining in his position.

13



14 Problem Analysis and Project History

Once the necessary data has been collected by Hilburn, we provided to print the relationship

between the percentage of controller time occupied and duration as represented in Figure 1.

Frequency and duration of activities

35%
30%
25%

20%
15%
10%

o

Strips Radar Window Strips Coordination Clearance  Non Active
delivery

H Frequency M Duration

Figure 1 - Frequency and duration of activities

We get confirmation that the major occupancy of the controller, both for frequency and
duration, was looking outside of the window (frequency at the level of 33% and duration 25%).
Two other significant activities were “radar” (frequency 25% duration 17%) and “strips”
(frequency 21%, duration 15%).

The high level of frequency within window / radar / strips activities showed that the
controller is constantly switching attention between those three main sources of information.
Looking outside of the window is the most frequent and longest activity of the tower controller,

occupying him for roughly 30-40% of the time.

2.2. MULTIPLE REMOTE TOWER CONCEPT

We have therefore shown how fundamental is for the controller to have a live view of the airport
status, as a consequence of the fact that radar alone is not enough to have a clear perception of
what is happening around. This study is the same as the one that led to the idea of the
characteristic control tower with its large tilted windows, situated at an exposed location, and
rising high above the airport with an impressive 360 panoramic far view out of windows.

But small and regional airports are challenged to reconcile the high cost of running a
full capability air traffic control tower with the low revenue derived from landing and other
flight-related charges when traffic is scarce and intermittent. Therefore, an innovative and more

cost-efficient approach to providing control tower functionality at airports must be put into play.
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The remote tower concept provides a  solution to this  problem.
Remote tower works by deploying high-definition cameras complemented by a suite of
supporting technologies and network links. A live video feed is securely relayed to an air traffic
controller at a remote location. This live feed is combined with a panoramic array of high-

definition screens, representing an ‘out of the window’-like view of a single or multiple airports.

Figure 2 - Multiple Remote Tower workstation

Remote towers offer several benefits comparable to conventional air traffic control towers at
airports. Basically, it provides additional support tools for the controller, and this creates a

safety enhancement. This system offers features of augmented reality, automatic object

detection and virtual safety nets, features that cannot be implemented in a conventional tower.

To fully utilize the advantages of the remote tower concept, remote tower centers need to
be connected to more than one airport combined into one Multiple Remote Tower Module and
managed by one controller. This would allow for a much more efficient allocation of airports
to controllers by allowing them to work flexibly at airports where and when the traffic occurs:
During high traffic load or complex situations, one or two controllers can provide air traffic
control to one airport, while a more efficient strategy will be implemented in low traffic

situations.



16 Problem Analysis and Project History

2.3.SINGLE EUROPEAN SKY ATM RESEARCH — SESAR

In 1989, it was already estimated that 4.2 billion dollars were lost annually in air traffic control
delays, excessive air traffic control costs and uneconomic flight paths.
National governments called for initiatives such as a central air traffic flow management
(ATFM) unit to manage flows across the network and a European programme to harmonise and
integrate air traffic control for technological compatibility.
During the same year the European Commission began to recognise the technological and
institutional limitations of the air traffic control system, but it would have to wait until 2001 to
have an action programme of the European Commission for the implementation of the SES
(Single European Sky) and 2004 to have the first package of legislative regulations: Regulations
(EC) Nos. 549/2004, 550/2004, 551/2004 and 552/2004 of the European Parliament and of the
Council, that will be revised and extended in 2009 with the "SES II" package. These packages
created the position of network manager (EUROCONTROL) as well as a performance
evaluation body to support the development and management of the SES performance system
and also various "technical" standards to ensure the inter-compatibility of the systems.
The major High-Level Goals of SES as stated in 2005 were:

v’ enable a three times increase in capacity while reducing delays both on the ground and

in the air;

v’ improve safety by a factor of 10;

v" enable a 10% reduction in the impact of flights on environmental pollution;

v' areduction of air traffic management (ATM) service costs to airspace users of at least

50%.

Remote Tower Service is one of the technological and operational solutions delivered for
deployment by the Single European Sky Air Traffic Management Research Program. This new
concept fundamentally changes how operators provide Air Traffic Services, as it becomes
possible to control several airports from a single remote center.

SESAR 2020 partners performed four real-time simulations and one shadow mode trial
using four different validation platforms in various airport environments.

The exercises tested human performance, visual information display, advanced voice
services, technical support systems, and safety performance. Results showed that the Multiple

remote tower module (MRTM) could handle the same traffic volume as the single remote tower
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with up to 25 per cent fewer controllers. In addition, different types of aerodromes could be
coupled together in the MRT module, and in case of traffic overload, acrodromes could be split
between modules.

They also notice that for very small airports, it is a safety enhancement because they are
often providing only aerodrome flight information service (AFIS). The AFIS officer typically
doesn’t have a tower, only radio communications with the pilot. It is the pilot’s responsibility
to check if the runway is free because the officer can’t see. Remote tower technology solves
this issue by giving the AFIS officer a clear view of the runway and the arrival and departure

sector.

Single European Sky Timeline

*The commission begins to recognise the technological and
institutional limitations of the air traffic control system
J
»
*Commission Action Programme for the realisation of the SES
J
\
*First SES legislative package
J
. . . ‘\
*Announcement of high-level objectives for the SES
*Commission communication on the launch of the SESAR project
J

*Second report of the High Level Group
+Establishment of the SESAR Joint Undertaking

~
*Implementation of the second SES legislative package
J

*Communication from the Commission to the European )

Parliament and the Council on "Accelerating the Implementation

of the Single European Sky" .

~

+Extension of the SESAR Joint Undertaking

€E€ELECEEELL

Figure 3 - Single European Sky Timeline



3. SESAR SOLUTIONS PROCESS & PROJECTS

The SESAR Programme is generally divided into three phases

o The definition phase aimed at defining the way forward and resulted in the "European

Air Traffic Management Master Plan" (ATM Master plan).

o The development phase is going to develop, validate and demonstrate the required

solutions. The programme is managed by the SESAR Joint Undertaking (SJU) and is
divided into SESAR (2009-2016) and SESAR 2020 (Split into Wave 1 and the current
Wave 2). The SESAR Joint Undertaking was set up to manage the research and
development phases of the project, it consists of the founding members: European
Union and EUROCONTROL, as well as 19 members representing Airport, Air

Navigation Service Providers, Manufacturing Industry and the Scientific Community.

o The deployment phase is conducted by the SESAR Deployment Manager (SDM) who

coordinates the implementation of the EU’s Pilot Common Project (PCP) to ensure that
the solutions derived from the ATM Master Plan are deployed in a timely, coordinated

and synchronised way in Europe.

3.1. SESAR 2020 PROGRAMME

The SESAR 2020 programme is structured into three main research phases, including

Exploratory Research, Industrial Research & Validation and Very Large Scale Demonstrations.

EXPLORATORY RESEARCH INDUSTRIAL RESEARCH VERY LARGE SCALE DEMONSTRATIONS

Figure 4 — The three SESAR Research phases

18
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Exploratory Research (ER or Phase 1)

Exploratory Research is powered via open Horizon 2020 calls and is further divided into two
areas.
v" One research the fundamental science.

v" The other studies the application of this science for ATM.

Industrial Research & Validation (IR or Phase 2)

Industrial Research & Validation represents the wider part and includes Applied Research as

well as Pre-Industrial Development and Validation.

This part is covered by the SJU public-private partnership (PPP), a long-term arrangement

between the government and SJU.

Very Large Scale Demonstrations (VLD or Phase 3)

The third phase consists of the Very Large Scale Demonstrations (VLD) of concepts and
technologies. This part is powered in two ways

v' Partially covered by the PPP and its members

v' Partially covered via open Horizon 2020 calls securing the involvement of Airspace

Users (AU) in the Programme.

3.1.1. NASA TECHNOLOGY MATURITY LEVELS

These phases have been designed to bring projects from the idea to a tangible solution for
industrialization and subsequent deployment.

The structure is also needed to try and create consistency and an organized, transparent and
repeatable approach to concept development and validation. It also ensures traceability and
helps understand how the Solutions fit together and to create the global picture and help to
achieve SESAR’s high level goals.

The three research phases cover a technology maturity level ranging from 1 to 7 in the
NASA scale of the Technology Readiness Levels (TRL). TRLs are a type of measurement
system used to assess the maturity level of a particular technology. Each technology project is
evaluated against the parameters for each technology level and is then assigned a TRL rating

based on the projects progress.
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There are nine technology readiness levels. TRL 1 is the lowest and TRL 9 is the highest.

a) TRL 1 is when exist just the idea of the technology, so scientific research is performing,

and those results are being translated into future development.

b) TRL 2 occurs once the basic principles have been studied and practical applications can
be applied to those initial idea. It has no experimental proof of concept for the

technology.

c¢) TRL 3 consist in active research and design. Generally, both analytical and laboratory
studies are required at this level to see if a technology is viable and ready to proceed
further through the development process. During TRL 3, a proof-of-concept model is

constructed.

d) TRL 4 is reached when the proof-of-concept technology is ready; At this level multiple

component pieces are tested together.

e) TRL 5 is a continuation of TRL 4, however, technology at 5 must undergo more rigorous
testing than technology that is only at TRL 4.
For Simulations should be run in environments that are as close to realistic as possible

to move to TRL 6.
f) A TRL 6 technology has a fully functional prototype or model.

g) TRL 7 technology requires that the working model or prototype be demonstrated in the

final environment.

h) TRL 8 technology has been tested and it's ready for implementation into an already

existing technology or system.

1) TRL 9 qualification is obtained when a technology has been "flight proven" during a

successful mission.

—— A
TRL1

\
TRL 2
Basic Technology
principles § concept
N .

System "flight

Prototype demonstration § e
enviroment enviroment e in final completed through

validation validation : and tested successful
enviroment

- . . | S ‘ L mission

Prototype

laboratory relevant

Figure 5 - Technology Readiness Levels (TRL) goals
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Note that:

A TRL number is reached once the description in the diagram has been achieved.

For example, successfully achieving TRL 4 (laboratory environment validation) does not move
the technology to TRL 5. TRL 5 is achieved once is performed validation in a relevant
environment. The technology remains TRL 4 until the relevant environmental validation is

complete.

3.1.2. SESAR SOLUTION LIFECYCLE: THE 7V PHASES

The SESAR Solution lifecycle is a process executed at Project level which includes a standard
sequence of activities to develop, validate and progressively increase SESAR Solution maturity.
It doesn’t follow the NASA Technology Readiness Levels, but have an his own levels
nomenclature called E-OCVM (European Operational Concept Validation Methodology) or
“V” phases.

The final purpose is to deliver a SESAR Solution package for Industrialization and
Deployment.
E-OCVM and validation are mainly concerned with lifecycle phases V1, V2 and V3 but are

also concerned with VO to ensure that the correct initial conditions have been met.

e V1 Scope: Definition of the operational concept and technical solution. Identification
of potential costs and benefits for meeting the target performance identified in the pre-

R&D needs phase (V0).

e V2 Feasibility: It develops and explores the development of the concept and its
feasibility, mainly through simulation, until it can be considered operationally feasible,

or it can be determined that further development is no longer justified.

e V3 Pre-industrial development & integration: It develops and refines the operational
concepts and support tools to prepare the transition from research to the operational
environment. Done via implementation of industrial prototypes in realistic

environments.

In the main phases we can also consider V4, cause the validation activities in V3 must have
sufficient understanding of V4 to ensure that the correct information is available to manage the

V3 to V4 transition.
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E-OCVM Scope
I I
Pre-industrial
development &
ATM needs Scope Feasibility integration Industrialisation  Deployment Operations  Decommissioning

Concept Validation (E-OCVM)

Requirements development | Examples of some important

Concept development | ATM system development

[ Technical development and Verification | e

[ Integration |

Figure 6 - The 7V Phases
[E-OCVM Volume | - Version 3.0]

The remaining phases V5, V6 and V7 are not within the scope of validation; they talk about

integrating the technology into an existing infrastructure.

3.1.3. NASATRL Vs. 7V PHASES

Focusing on the research and validation part the lifecycle consists of five phases (V0-V4) in
which, following the TRL path, before any new concept is developed further towards higher
TRL in SESAR 2020, it has to successfully pass several reviews that are named “GATE”.

The SESAR Solution lifecycle includes five Maturity Gates, these are decision points assessing
achieved results and authorizing continuation of development and validation activities along

the lifecycle. Each Gate is based on a set of success criteria. The Gates are:

e Gate ER/IR: This Gate verifies the achievement of V1 maturity as a condition required
for transition from Exploratory Research to Industrial Research and Validation. The
Gate may authorize the transition to phase V2 or to a complement/extension of V1

validation taking place in the Industrial Research and Validation domain.

e Gate VI1: This Gate verifies the achievement of full V1 maturity and authorizes
transition to phase V2. In case the Gate ER/IR has concluded to a full V1 maturity, this
Gate V1 can be skipped.

e Gate V2: The Gate may authorize transition to phase V3. This Gate has two objectives
o verifying the achievement of full V2 maturity

o accepting the plan for future V3 validation activities.
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e Gate V3: This Gate verifies the achievement of full V3 maturity. The Gate may

authorize transition to the Industrialization and Deployment phase

e Gate DEMO: This Gate, based on a set of criteria confirming readiness for wide scale
Deployment, verifies successful achievement of Demonstration objectives. The Gate

may confirm transition to the Industrialization and Deployment phase.

Idea Implemented Concept

—

Pre-Industrial
ATM Needs Scope Feasibility development & Industrialization
Integration

Deployment
%) X &
Operations
LEbSperie sy Industrial Research & Validation MRy
Research Scale Demos

Figure 7 - SESAR 2020 phases & gates

The first three phases develop and validate the SESAR Solution up to, respectively, the E-
OCVM maturity levels V1, V2 and V3. These levels correspond to the Technology Readiness
Levels TRL2, TRL4 and TRL6.

Demonstration activities, executed by Projects in the VLD domain, are in some cases justified
to bridge the gap between Pre-Industrial Development & Validation and Industrialization &
Deployment. When they take place, these activities ensure a step beyond V3 maturity, up to
TRL7.

Discover Understand Adapt Validate Refine Use

- ]
NIO \/1Tl T2 V2 T3 ? T4 J T5 T6

Figure 8 - NASA TRL Vs. 7V Phases
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Within each project, you will find a variety of Solutions. These are new or improved operational
concepts, procedures or technologies that aim to contribute to the modernization of the
European ATM system. The range from quick win options to more complex solutions therefore

can be at differing states of maturity.

v » »

Vo0 V2 V4
Identify a need and Concepts are Successful concept
a performance V1 selected based on V3 goes to production
target . evidence of
Several candidates feasibility and Concepts are
are proposed and performance integrated into

investigated wider system and
tested performance

Figure 9 - Maturity and Selection Concept

Each Solution is performance driven and assessed according to Key Performance Areas such
as Safety, Cost Efficiency, Capacity or the Environment at specific stages of flight, and in
specific operational environments, with benefits applicable to particular stakeholders.

When working on a recent solution whereby a validation exercise addressed multiple
variants of a concept, some of these elements worked while others needed more development.
It’s normal that some Solutions need a bit more tweaking along the way before performance
benefits are realized while others may get stopped during work in progress and may not
complete their journey. This is the whole point of validation and research that ensure us we are
going to invest our future money and efforts in the right concepts and projects that will provide

value.



SESAR Solutions Process & Projects 25

3.2.SESAR 2020 MAJOR PROJECTS

Projects that majorly contributes in the Industrial Research phase are here mentioned:

EXPLORATORY RESEARCH
MINIMA
MALORCA

Mltigating Negative Impacts of Monitoring high levels of Automation

Machine Learning of Speech Recognition Models for Controller Assistance

OptiFrame | An Optimization Framework for Trajectory Based Operations

Achieving the benefits of SWIM by making smart use of semantic technologies.

PACAS Participatory Architectural Change Management in ATM Systems.

SALSA Satellite-based ADS-B for Lower Separation Minima Application
CORUS Concept of Operations for the EuRopean UTM System
AIRPASS | Advanced Integrated RPAS Avionics Safety Suite
SECOPS An integrated SECurity concept for drone OPerationS
TERRA Technological European Research for RPAS in ATM

INDUSTRIAL RESEARCH
Enhanced Arrivals and Departures
EARTH Enhanced RWY Throughput

SUMO Integrated Surface Management

Airport Safety Nets

PJ 04 Total Airport Management (TAM)

PJ 05 Remote Tower for Multiple Airports (MRT)

PJ 08 AAM Advanced Airspace Management

PJ 09 DCB Advance Demand and Capacity Balancing

PJ 10 Separation Management en-route & TMA

PJ 14 Essential and Efficient Communication Navigation and Surveillance Integrated System
PJ 16 Controller Working Position Human Machine Interface (CWP HMI)

PJ 18 4D Trajectory Management

PJ 19 CI Content Integration

PJ 25 Arrival Management extended to en-route Airspace

PJ 28 Integrated Airport Ops

Figure 10 - SESAR Projects

The research covers an extremely wider conceptual area, but to mention all the projects would

be beyond the scope of this thesis.



4. SESAR 2020 WAVE 1 -PJ 05 REMOTE TOWER FOR MULTIPLE
AIRPORTS

PJ 05 is the focus of our study, and we will analyse it in detail in this chapter.
To help everyone understand the complexity of each project and to leave a trace of the research
already carried out and that which will be carried out, SESAR provides the ATM Master Plan

through its portal ( Attps./www.atmmasterplan.eu/data/projects ). On their website, we can find

tree diagrams with hyperlinks to each project that gave us an immediate understanding of the
scope of each project, how it relates to other research, the V phase it has already reach and his
deadline. The steady decrease in the real cost of air travel, the accessibility of it has significantly
increased with consequently led to the increase in the demand for air transportation. One of the
components of the cost of the air travel is air navigation service (ANS) costs for the provision
of ATM services by an air navigation service provider (ANSP). That’s why ANSPs has faced
with a challenge for optimisation and reduction of operational costs, especially for small and
medium airports with low and/or irregular traffic to cover these costs.

The remote tower concept is the basis of a series of SESAR solutions that all aim to
increase the cost efficiency of air traffic service provision, thus offering the possibility of
improving efficiency and safety at airports where it is too costly to build and/or maintain a
conventional ATS tower. Another purpose of the remote tower is to improve safety. Various

technologies have been developed with this in mind:

- Virtual stop bars, to support controllers in low visibility conditions

(SESAR Solution #48)

A line of red lights, known as a stop bar, is currently in place to prevent aircraft from entering
the runway without controller clearance. In addition to these physical safety nets, SESAR is
developing a new technology known as virtual stop bar solution to support the ground controller
in providing guidance to surface movement by displaying red stop lights on his display. Once
this technology is operational, the ATCO will be able to activate this tool in low visibility
conditions to introduce procedural control and maintain safety separation by requesting
permission for aircraft to enter different areas; these virtual stop bars can be used by the
controller to reduce the size of areas according to conditions. When the airport surface
surveillance system identifies an infraction, the controller's display receives an alert.
Real-time simulations tested the solution, including the use of datalink communications

with aircraft and vehicles at the airport.

26
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- Electronic flight strips (SESAR Solution #02)

E-Strips makes the instructions given by a controller available electronically and integrated
with other data, allowing the system to monitor the information and alert the controller when
inconsistencies are detected. Using airport surface surveillance sensors and ground security

networks, controllers can warn pilots of potential conflicts.
- Digital anti-collision system (PJ - 03b - 05)

Runway incursion is one of the biggest causes of collisions in the airport world. This solution
is designed to provide pilots with a final warning of impending runway and taxiway collisions,
based on the software on board the aircraft. Specifically, the system analyses aircraft position
data and calculates factors, such as collision time, using specialized algorithms before alerting
pilots of surrounding aircraft. Sufficient ADS-B performance is a key factor, which is why
work was undertaken in SESAR 1 and then followed up in SESAR 2020 (PJ.28, large-scale) to
evaluate ADS-B performance, including data quality.

While Single Remote Tower has already been implemented in several locations, PJ05
dealt with Remote Supplied Air Traffic Service for Multiple Aerodromes, where an ATCO
provides ATS for two or three aerodromes simultaneously from a Multiple Remote Tower
Module. The goal of PJO5 was to expand the scope of multiple remote tower solutions to allow
"multiple” control in more complex traffic and environmental situations, for two or three
simultaneously controlled aerodromes, to further increase cost efficiency and job satisfaction.

Special attention was paid to improving HMI design, planning support and workload
balancing through the flexible allocation of aerodromes to a multiple remote tower module
(MRTM). The project consists of 3 main work packages (two operational and one

technological), also called “Solutions™:

Solution PJ.05-02

PJ.05 Multiple Remote Tower Module (V1 — V3)

Refote
Tower

Solution PJ.05-03
Remote Tower Center (RTC) with Flexible Allocation

of Aerodromes to MRTMs (V1 — V2)

PJ.05-02 PJ.05-03 PJ.05-05 .
Solution PJ.05-05
Figure 11 - PJO5 Solutions

[ SESAR eATM Portal | Advanced Automated MET System (TRL2 — TRL4)




28 SESAR 2020 Wave 1 — PJ 05 Remote Tower for Multiple Airports

The two operational solutions describe sequential steps to extend the reach of multiple remote
tower services. The PJ.05-02 solution aims to reach the V3 maturity level at the end of this
project, the PJ.05-03 solution the V2 maturity level, and the V3 level will be reached at the end
of the next R&D phase. The PJ.05-05 technology solution, on the other hand, was to reach
TRL4 maturity level.

At the base of all these solutions there is an Essential Operational Changes, the

Virtualization of Service Provision. It is the ability to provide air traffic services from a
remote location in all operating environments either it is airport, TMA, or en-route.
In TMA, and enroute environments, the virtual center concept allows a geographical sector to
be managed from anyplace subject to the availability of services crucial for the provision of
ATS:

J CNS Communications, navigation and surveillance

o MET Meteorological

J AIS Aeronautical information service

J All data related to the flight plan

To make the Virtualization became reality a certain number of projects and Deployment

Scenarios need to be completed.

Virtualisatio

_—nof.

s}

SESAR Deployment

PJ.05-W2- PJ.05-W2-
35 97

soLfsoLJsoJsofsor

PJ.10-W2- PJ.10-W2- PJ.15-09 PJ.16-03 PJ.16-04
93 96

Figure 12 - Projects for virtualization
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Here we can also find the PJ16 - CWP HMI, that take care of Controller Working Position
(CWP) Human Machine Interface, already analysed by us in the Bachelor Thesis “Nextower

Technology and Implementation”.

4.1. MRTM CONNECTIONS, INSTRUMENTATIONS & SERVICES

The following diagram represents the high-level interactions between the CCs involved. The

Resource Connectivity for Solution PJ.05-02 & PJ.05-03.
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Figure 13 - MRT Connnnections

4.1.1. OTW (OUT THE WINDOW)
The OTW (Out The Window) functional block allows ATCOs to have a representation of what

they would see from the window of one or more conventional control towers under normal
operating conditions, in order to support ATCOs in managing air traffic. The OTW provides
remote tower controllers with a clear view of what is happening at the aerodrome and all air
traffic present, through a visual presentation.

OTW can also help the ATCO identify targets in low visibility conditions with the
support of aerodrome surveillance data. This functionality is possible thanks to the fusion of
surveillance information from different sources and provides a unique picture of the actual

traffic situation.
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Inside the OTW functional block, different functions are included:

> OTW includes several functions:
> Visual presentation PTZ cameras
> Additional views, e.g. IR cameras

> Tracking function

4.1.1.1.  VISUAL PRESENTATION
In the Remote Tower, together with the CWP, an appropriate OTW visualisation function will
provide ATCOs a view of the aerodrome to assist them in air traffic management.
Data acquired from the remote aecrodrome (e.g. video) are sent to the Multiple Remote
Tower module, where the system's OTW will display the data on the visual presentation to

allow the ATCO to see the actual view of the multiple control towers.

4.1.1.2. PAN-TILT-ZOOM (PTZ) CAMERAS
Remote towers make extensive use of cameras that collect and send images of the airport to the
MRTM to give remote ATCOs the same view as conventional ATCOs. The remote tower
environment is equipped with PTZ (Pan Tilt Zoom) cameras that the ATCO can remotely
manage to focus the image on a specific area of the airport with the correct zoom. The PTZ
cameras also provide the system with additional functionality, such as automatic tracking,

anomaly detection, etc.

4.1.1.3. ADDITIONAL VIEW
In addition to cameras, conventional or PTZ, the remote tower system can be equipped with
additional sensors to support the operators; their main role is to support viewing of critical, dark
areas where visibility is reduced or absent. The system can be supported by infrared (IR)
cameras, A-SMGCS or laser systems that provide additional information on the position of the

aircraft and/or vehicle on the runway.

4.1.1.4. TRACKING
This component performs automatic object tracking functions based on the available video
streams. The output of this component is the position information of the identified object, or its
marking superimposed on its image in the video stream. Tracking can be performed using only

video data or by exploiting a combination of position information from different sensors.
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Data fusion combines different inputs from surveillance sensors and generates the trace of the
specific object.

The data used as input could come either from conventional surveillance sensors (such
as radar, Mode S, A-SMGCS, etc.) or from dedicated remote tower sensors (such as cameras,
IR, etc.) to provide the remote ATCO a common image, for normal and low visibility, in a
dedicated or separate OTW display. The anomaly detection function could provide alerts to the
ATCO and the AFISO (aerodrome flight information service officer) when anomalies are

detected in the airport area to help him in preventing collisions.

4.1.2. CONTROLLER HUMAN MACHINE INTERACTION MANAGEMENT (CHMIM)

The CHMIM functional block provides ATCOs with a graphical user interface and the means
to provide ATC services at different aerodromes in parallel.

Its main responsibility is to provide the most relevant communication information, to
support flight data management and to provide a friendly user interface to the ATCO. All the
information is well organised to provide an efficient and safe working environment and
additional functions support the controller in maintaining situational awareness at multiple
airports. In addition to what ATCO usually needs for ATCS services, in the remote tower
environment, the CHMIM must provide additional data related to the environment, such as

video from external cameras, real-time weather information, etc.

4.1.3. A/G VOICE COMMUNICATION

This block provides the functions performed by a radio VCS. In the remote tower operation
scenario, the air-to-ground communication is not directly interconnected to the local radio, but
it needs a dedicated connection to the local radio to access the air-to-ground communication.
Therefore, an additional infrastructure and access gateway for the radio will be required.
It must be considered that a backup or emergency radio system will require a dedicated backup
connection between the local tower and the remote tower center. Standard fall-back solutions,
such as portable radios used directly in the tower, are not applicable to the remote tower
scenario.

In a scenario with several remote towers, the VCS system must combine and manage
all frequencies of the relevant airports. Based on a role concept, an assigned frequency function

or frequency pairing must be provided to an ATCO.
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4.1.3.1. AERONAUTICAL MOBILE SERVICE
The aeronautical mobile service allows the ATCO to make direct contact with the pilot of the
aircraft, as with conventional ATCOs. An appropriate data link for air-to-ground

communication must be considered.

4.1.3.2.  SIGNAL LIGHT GUN (SLG)
In the event of radio failure, air traffic control can use a signal lamp to direct the aircraft. The
signal lamp or Signal Light Gun (SLG) has a focused beam and can emit three different colours:

red, white and green. The remote ATCO, in this case, needs a link to control the SLG remotely.

4.1.4. G/G VOICE COMMUNICATION

This functional block provides the function that allows the ATCO to use the communication
infrastructure to communicate with remote airports, in particular aviation services and surface
vehicles. This connection can be made using the traditional voice system or the innovative

Ground Datalink.

4.1.5. WEATHER INFORMATION

4.1.5.1. METAR
The METAR (acronym for METeorological Aerodrome Report) is a coded message containing
meteorological information, The frequency of emission may be ‘'hourly' or 'half-hourly’

depending on the type of traffic supporting the airport.

4.1.5.2. TAF
A Terminal Aerodrome Forecast or TAF is a weather forecast valid from 6 to 30 hours for an
aerodrome and using a coding equivalent to the METAR format. TAFs also contain additional

information, such as the percentage probability of the occurrence of a phenomenon
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4.1.6. CONTROL WORKING POSITION (CWP)

The following picture shows the HMI used for 2 airports, where each one was presented side
by side. For the validations of 3 other environmental airports, two different layouts were used:

one on top of the other or a mix of one on top and one next to the other.

T

Figure 14 - CWP HMI configurations

4.2.PJ 05 - 02 MULTIPLE REMOTE TOWER MODULE (MRTM)

The objective of PJ.05-02 is to develop and validate a multiple remote tower module (MRTM)
that allows the ATCO to maintain situational awareness for 2 or 3 airports simultaneously, with
the goal of bringing this technology to V3 maturity. PJO5-Solution 03 is a closely related
solution that develops and validates the Remote Tower Center (RTC) functionality.

Since the main objective of the solution is, in addition to maintaining safety, to increase
cost efficiency, which cannot be verified directly in exercises, the validations focused on safety

and human performance.

4.2.1. VALIDATION OF PJO5-02: REACH V3 PHASE

The validations were carried out with real-time simulations, performed at different locations
based on different prototypes.

First of all, in order to complete the project, an operational improvement, consisting of
4 enablers, must be implemented, i.e. new or modified technical system, procedure, standard or

regulation necessary to make (or enhance) an operational improvement.
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Operational

Improvement Enabler Functional Block

Aerodrome
ATC 79

SDM - 0207

Aerodrome
ATC 81

Aerodrome
ATC 82

Figure 15 - SDM 0207 Scheme

The objective of all validation exercises was to validate two or three aerodromes simultaneously
controlled by an ATCO with a total traffic level of 20 movements per hour.
The main conclusions of the validations are:
v' A multiple remote tower, with an ATCO controlling more than one aerodrome
simultaneously, can be safe if operator workload and situational awareness (SA) are

kept at reasonable levels. where:

o The workload and situational awareness of the ATCO are related to complexity.
Factors contributing to complexity are, for example, traffic load, VFR/IFR mix,
airport layout. Multiple remote control is a factor affecting workload and safety
and must be considered (like all other factors contributing to complexity) when
using MRTM.

o Short-term planning tools helped the ATCO monitor and predicted traffic loads.
Validations showed that safety could be maintained, both for ATCOs

participating in the test as subjects and for experienced observers.

v" The complexity of the airport layout has an impact on capacity

v" Several HMISs could be used, one next to the other, and a combination was tested.
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v The use of the airport name in the communication adds situational awareness and it
was not necessary to add a phrase indicating Remote Control.
v The angle of the VP (Visual Presentation) presenting the airports is important for
situational awareness and must be considered.
Validations, conceived as real-time simulations, allow various hazards and technical
degradations to be stressed without any risk compared to testing in active mode. A shadow
mode test was performed. These situations focus on ATCO situational awareness. The tests
were carried out in different locations based on different prototypes.
An ATCO planning tool, improved voice communication and an improved HMI design
served as technical enablers that bring the maturity level increased from V1 to V3.
To reach V3 maturity of Solution 02, the following four validations with the following

properties were performed:

COOPANS INDRA FSP ENAV
Airports
Number of simultaneous Airports 2 3 3 2
Traffic Volumes — amount per hour 20 (?/c ' 20-25 20-30 10_20. (a/c+
vehicles) vehicles)
VFR Traffic ~50% ~13% 10-20% NIL
Panorama
Monitor alignment Side by side Side by side - Above each Side by side
and above other
Viewing Angle (panning) 330°/ 45° 180° / 40° 160°/180°
PTZ
Displayed In Panorama N/A Next to In Panorama
panorama
Hot Spots (Pre-set positions) Pre f|.xed N/A N/A Pre-f!xed
locations locations
Automatic Tracking Yes N/A N/A N/A
Separate
Manoeuvring Mou.se N/A iiput . Separatg
steering . input device
device
EFS
Integrated into one Screen Columns Columns Columns Columns
VFR Flight plans available Yes Yes Yes N/A
Radar
Air situation Display Yes Yes Yes Yes
MRTM
Colour coding for each airport Yes No Yes N/A
Merge / Split Yes Yes N/A Yes - optional
Voice communication
Phraseology with Airport ID Yes Partly Yes Yes
Frequencies Coupled Coupled Coupled Coupled

Figure 16 - Properties of Validation test
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EXE-05.02-V3-002 - COOPAN

Objective: Verify the situational awareness of ATCOs when providing ATS to multiple

aerodromes simultaneously.

Conclusion: The experience with the CWP's user-friendliness exceeded the ATCOs'
expeATCtions. After each test, the ATCOs were asked how representative the scenario was of
the real environment. The answers were given on a five-point scale, with an average of more

than four points.

EXE-05.02-V3-003 - INDRA

Objective: Evaluate the ATCO's ability to provide ATS to three airports at a time from an
integrated controller position. The ATCO simultaneously performed the roles of permit
delivery, ground controller and tower runway controller for the three airports.

Validation covered situational awareness, the maximum amount of total traffic per hour in a
multiple remote tower module (MRTM) and the maximum simultaneous movements handled

by the ATCO.

Conclusions: The results show that one controller can handle up to 25 movements for three
aerodromes in an MRTM. Safety was not compromised during validation. It was seen that with
a high workload, efficiency decreases slightly in some situations as the controller has to hold

traffic while dealing with other situations.

Recommendations.:

v" The use of electronic flight strip systems (EFS) should be recommended in a multiple
environment.

v The complexity of airports and traffic determines the workload and must be carefully
considered when combining airports. A short-term planning tool for multiple
operations is recommended.

v An integrated HMI with a harmonised user interface and as few input devices as

possible is recommended.
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EXE-05.02-V3-004 - FSP

Objective: Ability to provide ATS to three airports simultaneously, with emphasis on situational
awareness and workload. The traffic distribution was varied between scenarios.

In addition, two scenarios included wind shear warnings and wind changes that resulted in a
change of direction of the RWY. Two other scenarios included an unscheduled shutdown of
RWY due to an oil leak and the fifth scenario introduced an emergency landing. The
responsibilities of the ATCOs included the delivery of clearances, the ground controller and the
tower runway controller for all three aerodromes simultaneously. As another objective, the

usability of the HMI design (planning tool, wind display) was evaluated.

Conclusions:

v" Although this is not a problem solely related to the MRTM, ideal camera positions (for
fixed and Pan tilt Zoom - PTZ cameras) are sometimes not available and further
mitigation actions should be implemented.

v During night hours, image quality may decrease; this issue should be further
investigated in V4 and V5.

v The PTZ is intuitive to use and is an efficient tool; moreover, controlling the three PTZs
with one mouse is a good concept. On the other hand, some automatic functions could
be added (e.g. object tracking) and the PTZ control should be as simple as possible to
support the provision of ATS in high workload situations.

v The overlay information (labels, MET information, RWY and TWY contours) is
accurate and useful.

v" The short-term planning tool is useful and important, but a long-term planning tool with

limited content may be needed to predict traffic volumes and complexity.

EXE-05.02-V3-005 - ENAV

Objective: To evaluate the ability of the ATCO to provide ATS to two aerodromes from an ad-

hoc developed MRTM and under different conditions of traffic volume and complexity.

Conclusions: From the analysis of the ATCOs' feedback, the implementation of the "Remotely
Provided Air Traffic Service for Multiple Aerodromes" has an impact on their operational

activities in terms of working methods, timeliness and accuracy of tasks and communication.
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They did not report any specific problems either in terms of mental workload or situational
awareness, but underlined that the effective implementation of this new operational method
requires careful case-by-case evaluation according to the scenarios considered.

They reported a positive expectation regarding the level of service provided, thanks to which

the overall management of two aerodromes simultaneously will potentially be improved.
4.2.2. COST-BENEFIT ANALYSIS (CBA)
The CBA for SESAR PJ0O5 solution 02 was calculated between 2019-2040, cause 2019 is the

year of the research. Figure 17 shows the CBA model, that includes cost and benefit

mechanisms as inputs, benefit-cost ratio, and payback period as outputs.

INPUTS OUTPUTS
COSTS | | . NET PRESENT
e Investments L VALUE
e Operating ‘
{ | COST
BENEFIT ' BENEFIT-COST
\ ANALYSIS \ RATIO
BENEFITS | TOOL
e Economic }

L PAYBACK PERIOD

Figure 17 - PJ05.02 CBA
The following figure shows the expected benefits, expected costs and progressive cash flow for

ATS provided remotely for multiple aerodromes.

Cost Benefit Analysis of PJ05-02
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Figure 18 - PJ05.02 CBA Graph
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The cost-benefit analysis shows that the implementation of Solution02, compared to a "without
Solution" scenario in which these investments would not be undertaken, would generate a Net
Present Value of EUR 0.9 million, with an amortisation period of 13 years. This Net Present
Value was obtained considering a total investment of EUR 1.2 million.

The steps of the analysed IO solution are applicable to airports already equipped with
an ATS service. If an ANSP wants to implement MRTM from zero, it must take the CBA of
SESAR Solution #12 & Solution #71 - Single Remote Tower, combine it with this CBA and
build a new model for its local characteristics based on both.

This analysis is not object of the following thesis, where the single remote tower solution

was not analysed.

4.3.PJ 05 -03 RTC WITH FLEXIBLE ALLOCATION OF AERODROMES FOR MRTM

The PJ05.03 solution has currently only reached Phase V2, while Phase V3 is in progress.
Again, the goal of this solution is to increase cost efficiency, which cannot be validated directly
in exercises, so the validations focused on safety and human performance.

The validations were set up as real-time simulations, performed in different locations based on
different prototypes. The simulations also included the integration of the real-time simulation

for the supervisor's planning tool. PJ.05-03 shall develop and validate:

e MRTMs that enable ATCOs to provide ATS service to remote aerodromes while

maintaining situational awareness for 3 airports at a time.
e an RTC and the subsequent a dynamic allocation of airports between MRTMs.
These technologies must be able to support a traffic volume for simultaneous movements of:

3 airports with up to 6 simultaneous movements

20-30 movements (air and ground) per hour in total for all airports.

Traffic volumes in specific situations may deviate from this indication depending on the
complexity of the traffic and other factors influencing the workload.
The Remote Tower Center (RTC) is the centralised facility that houses one or more MRTMs

and from which remote ATS can be provided to one or more aecrodromes.
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Figure 19 — RTC Supervisor Role

To achieve the goal of increasing the number of acrodromes and traffic volumes to be controlled

from an RTC, two complementary approaches have been studied

a planning tool.

> Implementation of additional automation functionalities for the ATCO in the MRTM
(e.g. compliance monitoring, task prioritization) to allow an MRTM to simultaneously

control more aerodromes and/or higher traffic volumes from an ATCO

Supervisor can dynamically assign any airport to another MRTM within the Remote
Tower Center (RTC) to balance ATCO workload and traffic volumes.

Since more airports are grouped than in the PJ.05-02 solution, as interactions between
multiple MRTMs are taken into account, this leads to greater complexity in planning.

The supervisor will be supported in the evaluation of traffic volumes and workload by

The interconnection of systems in the MRTMs/RTCs and the procedures that make it

easier for ATCOs to have support for more than 3 airports.

In this way, it is easy to see how Solution PJ05-03 can be considered an evolution of Solution

PJ05-02. Several MRTMs are located within a Remote Tower Center (RTC), under the

responsibility of an RTC supervisor. This new figure, introduced by Solution 03, sees a person

responsible for managing activities in the operations room, including the division of airport

traffic and available forces. The position of RTC supervisor can be filled by an ATCO or,

alternatively, it can be a separate working position for this job.

Thanks to Solution 03 the provision of remote ATS service to remote aerodromes can

be dynamically assigned to any other Remote Tower Module (RTM) within a Remote Tower

Center (RTC). The identification code of the related operational enhancement is:

« SDM-0210: Highly flexible allocation of airports to remote tower modules.
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4.3.1. RTC SUPERVISOR ROLE

The RTC supervisor, with the support of a planning tool, is responsible for assigning the
different aerodromes to the available MRTMs. The assignment is determined by taking into
account various parameters, such as aerodrome information, current and forecast traffic,
weather information and controller approvals. In addition, this solution adds automation support
to controllers, alerting them in the event of a potential conflict.

In the event that an unforeseen event, such as an emergency situation, occurs at one of
the airports, significantly increasing the ATCO's workload and compromising its ability to
continue to provide ATS to all airports under its responsibility, the ATCO must be able to
handle the abnormal situation by relying on other MRTMs. The following figure shows the

flow from Multiple Remote Tower to Single Remote Tower and back to Multiple Operations.

l'-l

AD A

l'q
¥,

AD A ADB MRTM 1 AD A AD B

N /eS| N\ [/

MRTM 1 MRTM 1

SPLIT
MERGE

AD B

Figure 20 - Flexible Allocation Properties



42 SESAR 2020 Wave 1 — PJ 05 Remote Tower for Multiple Airports

4.3.2. VALIDATION OF PJ05-03 : REACH V2 PHASE

The following architecture was used for Solution 03. It should be noted that these are the
Functional Blocks impacted by the mandatory Enablers of this solution; therefore, these will be

the core of this solution.

Operational Enabler Functional Role
Improvement Block Impacted

A

Supervisor

e
Aerodrome
ATC 83

SOM 20210 arces

A

Operator

e
Aerodrome
ATC 85

Figure 21 - SDM 0210 Scheme

The following four validations were executed in order to reach V2 maturity for Solution 03:

EXE-05.03-V2-3.1 - ON

Validation Exercise description
The operational scope of this exercise concerns the provision of ATS to three airports using one
or two MRTMs, each managed by an ATCO, depending on the decision of the Supervisor and
specific events (emergency and traffic overload situations) using a real-time simulation
platform integrated with a smart strip planning tool.

The set traffic volume simulates a traffic peak to identify potential problems and develop
solutions. The validation platform consisted of the following main parts:

1) Visualisation System (panoramic view) with overlays and labels
2) PTZ camera panel

3) Support displays (radar + ground radar)

4) Planning panel and flight data handling system

5) Pad for ground communication channels
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Figure 22 - "ON" Validation Platform

The CWP configuration used is top-down, while the flight strip system and radar screens use a
left-to-right columnar airport representation. The panoramic view was fixed at 200° with the
support of a manual PTZ and labels for all vehicles.

Weather information (wind direction and strength, crosswind, tailwind, visibility, QNH)
and RWY information (ICAO aerodrome code, RWY direction) are presented in a wind rose
on both ends of the RWY. Different types of representation have been adopted to allow the

ATCO to have a high level of situational awareness; here are some examples:

if a RWY was blocked by the ATCO on the flight strip system, the outer circle of the compass
rose would turn red to indicate the blockage on the panoramic view. A squelch indication in the
panoramic view (coloured bars at the top of the panorama of each aerodrome) and on the flight
strip system was integrated to show which aerodrome the transmission came from, highlighting
all bars and flight strips of the corresponding aerodrome. The tower frequencies were coupled,
while the ground frequencies were not, allowing the use of telephone lines to contact the APP,
DAM and MET office via the buttons on the flight strip system. This made coordination

between aircraft, ground, services and approach (adjacent sector) possible.

Conclusions
ATCOs were able to provide ATC to a maximum of three aerodromes at a time. Situational

awareness, workload and safety were not significantly compromised, and in high workload
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situations, the split procedure was an effective mitigation to balance the workload. Further

results and recommendations are given below.

Technical feasibility
The electronic smart strip system with planning tool is effective, but the input devices should
be more effective and intuitive, e.g. the input itself should be improved to be as quick and
natural as possible. In addition, visual aids such as the wind rose and coloured squelch
indication are considered useful.

When splitting the aerodrome to another location, ATCOs assuming traffic control must
be able to see the panoramic view and listen to all radio frequencies to gain situational
awareness. After separation, information on aerodromes that are no longer in charge (visual,

radar, flight strip) must be obscured or switched off and frequencies decoupled.

Performance assessments
Shifting the management of an aerodrome is an effective and appreciated measure to balance
the workload. The transfer procedure tested did not have a negative impact on workload or
situational awareness, but should be further developed to allow for a quick transfer.

The bottleneck was found to be the amount of communication and time on frequency in
high workload situations. Multiple remote control is another factor contributing to complexity;
its impact and interaction with the workload must be extensively studied for implementation

and regularly monitored in live operations.

Recommendations
In addition to opening a new position when splitting an aerodrome, a more flexible allocation
of aerodromes should be further investigated, e.g. by splitting an aerodrome with an already
active ATCO position; furthermore, the workload should be continuously monitored for the
individual ATC position in order to trigger a separation procedure before the ATCO is
overloaded. More automation, such as advanced speech recognition and the use of machine
learning approaches, are considered promising candidates for increasing ATCO support.
Training sessions should be longer than simulations. Training should focus on
aerodrome layout, procedures and operations, as well as on HMI management, technical

features and special properties in the context of multiple remote towers.
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EXE-05.03-V2-3.2 — COOPANS

Validation Exercise description, scope

Fast Time Simulation
The aim of the fast time simulation was to evaluate the possible benefits of a planning tool for
supervisors that could be used for a flexible allocation of airports in a remote tower center with
multiple remote tower modules. The idea behind this long-term planning tool was to support
supervisors in combining airports within the same RTC in the most efficient way. The main
objective of the study was to find out how well the Supervisor Planning Tool was accepted by

supervisors.

Real Time Simulation
The operational purpose of the real-time simulation was the delivery of ATS to three
aerodromes in an operational environment simultaneously from one MRTM by an ATCO,
testing split and merge operations from one independent MRTM to another, basing the transfer
decision on the timing of the aerodrome's transfer on the traffic provided by the planning tool.
The visual presentation system (VP) allows the ATCO to adjust the viewing angle according to
his personal needs and preferences. The Electronic Flight Strip (EFS) display had built-in
functionality to manage navigation aids and aviation lighting for all aerodromes. Also part of
the real time configuration were the voice communication system (VCS) for communication
between ATCOs and air/ground traffic and pseudo-pilot positions covering all traffic at all
simulated aerodromes.

The main objective was to validate the ability of ATCOs to safely perform air traffic
control from one MRTM to three aerodromes in the operational environment simultaneously,

while maintaining situational awareness, in order to positively impact the cost-benefit ratio.

Platform Used

Fast Time Simulation
For the fast-time validation of a Supervisor Planning Tool, NLR developed a prototype of a
long-term planning tool. This prototype allowed the supervisor to examine the workload levels
for each airport during the working day. The workload levels defined with this new tool proved

to be identical to those previously used for the COOPANS exercise in PJ05.02.
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Figure 23 - Daily airport planning in 5-minute intervals provided by the tool

In this tool, the planned workload for the next 60 minutes was shown to the controller for each
airport individually in one-minute intervals. The same concept was applied for the long-term
workload, with the predicted workload based on the planning data for the entire day in five-
minute intervals.

It was thus possible to create all combinations of traffic between the various airports,

allowing the supervisor to distribute the forces of the ATCOs as efficiently as possible.

Real Time Simulation
The simulation platform consisted of one MRTM for simultaneous ATC on three aerodromes
in the operational environment and a second MRTM to which the ATCO could divide a desired
aerodrome, if desired. These two MRTMs were mutually independent.
The real-time simulation platform featured VPs with a 330-degree view of each aerodrome with
left and right scanning and zoom in/out functionality, layout display panel, EFPS (electronic
flight strips), management of aeronautical lights, and management of navigation aids. Also in

this simulation we find the innovative VCS voice communication system and PTZ cameras.
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Conclusions

Technical feasibility
Except for a request from the controllers to have a smoother interaction with the system and a
more user-friendly management of the control window, both simulations reached the
conclusion of technical feasibility.

Electronic flight strips are considered indispensable, well integrated into the technical

system, using flight plan information.

Performance assessments

a) Fast Time Simulation

In general, the supervisor tool was perceived as a valuable contribution. It was intuitive and,
even though it was only a prototype, already very usable. Furthermore, the tool is supposed to
reduce simulation and planning time in future developments. However, attention must be paid
to what the tool should or should not do. It should not be interpreted as a tool that predicts the
upcoming traffic load. On the contrary, it should be clear to all users that they can use it for
planning, but still be aware of unforeseen changes that may lead to higher peaks in workload

or lower capacity.

b) Real Time Simulation

ATCOs were partially capable of executing simultaneous ATSs to three aerodromes at a time
from an MRTM. Operational procedures, aerodrome configuration, traffic complexity and
traffic level had a direct impact on situational awareness and workload.

It must be underlined that the workload was considered critical, with the possibility of an
unexpected increase in a very short time. Splitting to another MRTM is a must and additional
staff must be always available to help the ATCO in charge. The need to split and join one

MRTM to the other in a timely manner is crucial to safely provide a simultaneous ATS.

Recommendations

a) Fast Time Simulation

One of the recommendations concerns instrumentation scales, which should all be the same or,
at the very least, adjustable. Regarding easiness of control, this could be easily achieved, for
example, by using drag-and-drop functionality or by making it possible to right-click on an

airport and select it to add it, along with the corresponding times and loads.
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If a controller is very familiar with one airport but not with another, this must also be
considered. Therefore, it should be an advantage to be able to include and exclude factors from
the workload calculation. Other pints that could be included in the tool are: staff status, weather

conditions, ATCO rating, and monthly planning staff.

b) Real Time Simulation
The main suggestions and recommendations that came out of this training exercise are as

follows:

> A combined colour code should be adopted to make it easier to distinguish aerodromes,
or even better to assign a colour to each aerodrome so that previously seen information
linked to that colour can be cognitively reconnected.

> The supervisor could provide guidance to advise the ATCO in a reasonable time when
to apply split and merge.

> The airport should retain the same color code and position after the split, and the EFS
bays should also remain in the same position on the display after the split function is
applied and should be available to the ATCO that initiated the airport transfer until the
other ATCO assumes full control of the airport. The display of all airports should be
maintained until both ATCOs are comfortable with the traffic situation.

> The wind variable should also be displayed in the VP as additional information for wind
direction and intensity.

> Activation of PTZ cameras should be simple and without too many commands.

EXE-05.03-V2-3.3 - INDRA

Validation Exercise description

The validation exercise for Solution 03 focuses on the long-term planning tool that supports the
RTC supervisor in allocating airports in each MRTM.

The validation method used by Avinor was real-time simulation in the platform provided by
INDRA and INDRA NAVIA.

The role involved in the validation was the Remote Tower Center Supervisor, the new role
introduced by the Remote Tower Center concept. Two ATCOs from Avinor participated in the
validation, both in the role of Supervisor. The Remote Tower Planner tool supported the

Supervisor in developing the different tasks.
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The RTC Supervisor is responsible for determining the optimal allocation of aerodromes in the
MRTMs available in the RTC. A group of 15 Norwegian aerodromes, a mix of AFIS and ATC

aerodromes, was considered for the validation exercise.

Conclusions
Through the V2 validation, an initial concept evaluation was conducted. The aim was to
determine the distribution of 15 airports among up to 11 MRTMs, seeking the optimal

allocation based on airport characteristics, expected demand, and METEO information.

Technical feasibility
The distribution of aerodromes among the MRTMSs, color-coding, and display of alerts was
found to be acceptable from the supervisor's point of view. One improvement needed is in the

planning tool, either by adding more features or improving existing ones.

Performance assessments
The validation exercise demonstrated that a planning tool for the supervisor would allow the
optimal distribution of aerodromes among the MRTMs available in the RTC to be found. While
working with the tool, the controllers' level of situational awareness was good. They were
confident and relied on the tool.
It was concluded that the supervisor's workload needs to be evaluated in more detail, as it could
vary locally depending on the amount of responsibility, they would have in addition to finding

the optimal allocation of aerodromes.

Recommendations
The following recommendations should be considered in V3 validations:
> Introduce a more complex context to test the RTC supervisor's ability to find the optimal
allocation when subjected to additional workload or distracting elements that are
inherent in a supervisor's daily work.
> Evaluate the work of the Supervisor and the performance of the scheduling tool in the
Remote Tower Center to verify the proper development of coordination between

Supervisor and controllers, especially during a reallocation process.
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EXE-05.03-V2-3.5 — DFS

Validation Exercise description

The operational scope of this validation exercise included the simultaneous provision of ATS
to three airports with up to 45,000 annual movements from an MRTM by an ATCO. All airports
have a single runway and a simple layout of the manoeuvring area. The exercise was performed
as a real-time simulation through the DFS tower simulator validation platform, augmented by

the prototype visual and voice communication systems.

Conclusions

Technical feasibility
In general, all the instrumentation worked optimally and was essential to provide ATS service
to 3 airfields simultaneously. The only request made by the ATCO was to improve the ability

to work in advance of events.

Performance assessments

In general, the exercise revealed that:

> The ATCO should minimize the need to focus on a given situation for a "longer period"
on several aerodromes at a time. It should be taught that safety is absolutely prioritized
over efficiency.

> Simultaneous landings and/or take-offs can be handled in the following

> During an emergency situation, a strong preference has been expressed to maintain the
aerodrome with the emergency flight and, if possible, relocate other aerodromes.
As an alternative to relocating aerodromes, the workload could be reduced by one
additional person taking over all coordination tasks.

> The transfer of an aerodrome from one MRTM to another is very similar to the current
job transfer to another ATCO and should be supported by a checklist such as those
already in place for station transfer. During the transfer procedure, both ATCOs should
have the same flight plan and surveillance information available for that aerodrome.

> The workload of ATCOs increases as VFR traffic increases.



SESAR 2020 Wave 1 — PJ 05 Remote Tower for Multiple Airports 51

EXERCISES OVERALL CONCLUSIONS
The three real-time validations (COOPANS, DFS, and ON) demonstrated that ATCOs can
provide ATS to three aerodromes simultaneously with up to 25 movements per hour and up to
6 simultaneous movements. Safety and human performance were shown to be at an acceptable
level. In general, the workload could be balanced on an appropriate average level for each
MRTM; however, this reduced capacity could lead to reaching a limit in high traffic situations.
Situational awareness was kept good for all exercises, but should be improved with appropriate
system design. At the V3 level, situations where workload may increase rapidly should be
examined to verify that the ATCO has sufficient means of mitigation to maintain workload and
situational awareness at an acceptable level.

All ATCOs reported that they had an extraordinary training effect after providing the
ATS in the simulations for about 2 days and felt much safer than at the beginning of the trials.
The ATCOs' attention must cover several spatial areas and
In these operations, systems support within the MRTM helps ATCOs maintain situational
awareness and effectively reduce the monitoring workload.

Two validations (COOPANS and INDRA) indicated that the supervisor planning tool
can support flexible assignment of airfields and personnel to MRTMs in a remote tower center.
However, additional parameters need to be included in the V3-level planning tool and the

operator workload calculation needs further study.

4.3.3. COST BENEFIT ANALYSIS (CBA)

The Figure 24 shows the benefits, costs and cumulative cash flow for remotely provided ATS
for multiple aerodromes (4 aerodromes) from a remote tower center with MRTM and highly

flexible allocation capabilities in case of stand-alone implementation.
Cost Benefit Analysis of PJ05-03
Expected benefits _— /

Expected costs
Expected Cash Flow

Millions of Euros
o
w

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040

Figure 24 - PJ05.03 CBA Graph
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Figure 24 cover assumptions for the years from 2023 to 2040.

The period 2023-2025 is assumed as the investment period. Benefits will begin in 2026,
when the remote tower center with highly flexible allocation of aerodromes to MRTMs is
operational. The costs presented in the graph following the investment period refer to the
operational cost of the technology related to PJ.05-03.

From 2026 to 2031, the benefits increase year by year, as cost savings are not realized
immediately, but increase over time as ANSPs are unable to immediately adjust their staff and
other resources. From 2031, the solution was considered to be fully in operation, so the

monetized benefits are total from this year until the final period.

4.4.PJ 05 - 05 ADVANCED AUTOMATED MET SYSTEM

Adverse weather conditions cause significant disruption to flight schedules and are the cause
of around 13% of primary delays in Europe. However, the impact can be mitigated by the timely
sharing of high quality, accurate, reliable and readily available weather information to enable
effective planning and decision-making. More accurate weather information can aid flight
planning, resource planning and route planning, and can help avoid unnecessary delays.
PJ.05-05 solution aims to provide automated and semi-automated MET observational
data of significance for aviation. The PJ.05-05 solution is expected to be supported by the

following enabler:

» Aerodrome-ATC-92: Real-time airport weather observation service with artificial intelligence

algorithms. This enabler is an optional part of SDM-0207 of Solution PJ.05-02.

There are two different options for implementing the advanced automated MET system

solution:

1) Fully automated mode - the system automatically performs the calculation of cloud
cover and prevailing visibility from camera images. The system is able to recognise
phenomena using a combination of sensors and algorithms. The system in this mode
automatically uses the available inputs to compose the final meteorological report,

which is distributed to interested parties.



SESAR 2020 Wave 1 — PJ 05 Remote Tower for Multiple Airports 53

2) Semi-automatic mode - images and videos from the dual VIS and IR cameras, together
with data from other MET sensors at the airport, are available to the human remote MET
observer, who using these inputs manually determines cloud cover, prevailing visibility
and phenomena. In semi-automatic mode, the remote MET observer composes the final
meteorological report from the available inputs using the dedicated HMI. The final

meteorological report is then distributed to interested parties.

4.4.1. VALIDATION OF PJO5- 05 : REACH TRL4

The Advanced Automated MET System solution addresses airports where the Remote Tower
is in operation, or it can operate on other airports independently.

Regarding the validation approach, the TRL4 trials focused on providing advanced
MET capabilities to significantly improve current automated weather observation capabilities.

To reach TRL4 maturity of this solution, a validation exercise was performed:

EXE-05.05-TRL4-5. - LPS

It is a simulation and measurement campaign developing real-time airport weather observation
service with Al algorithms. The Advanced Automated MET System improved the possibility
of automatic observations in the three most problematic parameters:

v" Visibility - by marking various points as visible or not.

v Clouds - by means of an entire image of the sky from which it is possible to identify

the cloud cover, identify the various cloud layers and estimate their height.

Conclusions
We can conclude that the technology can help all airports in the world, either in an automated
way, with remote observation, or with human observation to help human observers or

forecasting Centers.

Technical feasibility
The camera was correctly able to rotate and tilt to capture images of the entire sky in the visible
(VIS) and infrared (IR) spectrum. Unfortunately, the IR images taken by this camera could not

be used to obtain a single image of the entire sky, however, another IR camera was installed to
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provide the missing information on cloud brightness temperature to identify the various cloud
layers.

The Advanced Automated MET system showed great potential, as using the remote
observer (semi-automated mode of the system) gave very satisfactory results. Although in fully
automated mode there are more limitations to deal with and the results are not so much better
than other instrumentation, there is also the potential to improve in the future and increase the

level of performance.

Performance assessments

The validated PJ05-05 solution has the potential to bring benefits in terms of:

e Safety: by providing more comprehensive automated weather observations and
mitigating the drawbacks of the current state of the art AWOS (Automatic Weather
Observing System ) in observations.

e Cost efficiency: The ability to operate without local human observers can certainly

reduce costs.

4.4.2. COST BENEFIT ANALYSIS (CBA)
4.4.2.1. FULLY AUTOMATED MODE

The figure below shows the expected benefits, expected costs and expected cash flow for the
remotely provided MET service for a single remote airport implementing the solution in fully

automated mode.

Remotely provided MET using Fully automated mode
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Figure 25 — MET Fully automated CBA
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A significant cost reduction will be achieved from the first year, as personnel costs represent a
substantial part of the total costs compared to investment and operating costs.

Furthermore, the automatic provision of extended MET information for airports where
there is no human MET observer has a positive impact on all users, as the current automatic
MET information provision capabilities do not contain all aeronautically significant data.
Therefore, the usability of such an airport will be improved due to the better quality of the MET
information provided, with the benefit of remaining up-to-date on the weather situation.

It is expected that the main benefits of providing MET information remotely will be
appreciated in places where it is already difficult to find qualified personnel or to motivate them

to relocate

4.4.2.2. SEMI-AUTOMATED MODE
The figure below shows the expected benefits, expected costs and expected cash flow for the
remotely provided MET service for a single remote airport implementing the solution in semi

automated mode.

Remotely provided MET using Semi automated mode
120,0

1000 —— Expected benefits

80,0 - Expected costs _—
60,0 -~ Expected Cash Flow /

40,0 /

20,0 /

0,0 /

20,0 +— /

-40,0 +—

Thousands of Euros

-60,0

2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040

Figure 26 — MET Semi automated CBA

The implementation of the semi-automated mode for the provision of the MET service for a
single airport appears to have been successful in its fourth year of operation. As already
mentioned in the previous chapters, this solution is currently at TRL4 maturity level. Although
the financial figures are not expected to change in any way, one of the elements to be
investigated is the ability of the MET observer to manage the remote MET service provision
for more than one airport at the same time.

Furthermore, the non-monetary aspect assessed for the fully automated mode is also

applicable for this mode.



5. SESAR 2020 WAVE 2 — PJO5-W2-DTT

The PJO5-W2-DTT was born in 2019 to deal with the exponential growth that technology has
experienced in the last few years. Hardly a ten-year project can be completed with the same
technological idea as at the beginning; SESAR is aware of this and in its Wave 2 has attempted

a different approach of PJO5, divided into 2 parts:
o PJ.05-W2-35- Multiple Remote Tower and Remote Tower Center

Solution 35 represents the continuous validation of PJO5 already started in SESAR and
previously divided into the well-known 3 parts. Compared to Wave 1, it has
improvements to solve problems discovered through exercises and a more

comprehensible and ergonomic look.
o PJ.05-W2-97 - HMI Interaction modes for Airport Tower

The solution addresses the development of new human-machine interfaces (HMIs). In
particular, it addresses the use of two technologies new to the world of aviation;
augmented virtual reality (A/VR), to enhance the controller's senses and situational
awareness, and the Automatic Speech Recognition (ASR) tool, which aims to interact

vocally with the HMLI.

Developed in SESAR 2020 Wave 2 and also available in the SESARJU eATM Portal, available
in chapter 4 page 26 of this thesis, the two PJs represent the latest version of the Remote Control
Tower. The main difference between the two projects is that, while the first one, like the entire
Wave 1 of SESAR 2020, is designed for a remote tower application, Solution 97 is designed
for application in the classic local tower.

Due to company know-how and secret documentation, very limited information is
available on this subject. In order to be able to bring my paper to the next level, I personally
went to the Open Day presented at the University of Bologna's Forli campus, where on the 26
October 2022, exercises were carried out to take the validation of the two projects to the next

level.

56
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5.1. PJ.05-W2-35 — MULTIPLE REMOTE TOWER AND REMOTE TOWER CENTER

Within Solution 35, the validation and improvement of the main features of remote air traffic

is ongoing:

o Remotely provision of Air Traffic Services (ATS) from a Remote Tower Center (RTC)

to more than 1 airport simultaneously from a remote tower position/module

o Flexible and dynamic allocation of airports to different Multiple Remote Tower

Modules (MRTMs) with a maximum of three airports allocated to each MRTM

o RTC Supervisor that can dynamically allocate any airport to another MRTM within the
Remote Tower Center (RTC) in order to balance traffic volumes and ATCOs workload

between different MRTMs

o Supervisor Planning Tool for the RTC Supervisor
o Additional automation functionalities for the ATCO

Where the targetd airdromes are “Small Enviroment” aiports (15 000 to 40 000 annual IFR
movements) with limited technology and simple layout commonly staffed by a single ATCO.
The latest version of the RTC is now composed of one RTC Supervisor position and
several Remote Tower Operator positions; the Forli simulation at the ENAV Academy
envisaged the implementation of only 2 RTM positions, but in future implementations the goal

will be to achieve coverage of 13 RTMs + 1 RTM Spare & 1 RTC Supervisor.

Figure 27 - RTC Ops Room
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ENAV 's next steps already include the completion of 2 Remote Tower Control Centers

(RTCC):

> RTCC Brindisi (13 RTM) fully operational in 2026
> RTCC Padova (13 RTM) fully operational in 2029

Figure 28 - RTCC design

5.1.1. RTC Supervisor CWP

Let us go into the details of the operator station and analyse the new instrumentation at its
disposal; it will be equipped with Supervisor Planning Tool (developed by IDS AirNav &
NAIS), MOVES (developed by Techno Sky) and VCS to interact with ATCOs. In addition to
these new technologies, the RTC Supervisor has at his disposal a monitor equipped with Flight
Data Processing (FDP) and a touch-screen interface for quick calls with ATCOs.

5.1.1.1.  Supervisor Planning Tool — New Design

Figure 29 — Workload Distribution ‘ Figure 30 — Radio Occupancy Distribution

Tool that allows the remote tower supervisor to analyse the workload distribution individually
for each controller (each column represents a controller) every 10 minutes. By means of a

special colour scale, the system can identify the type of traffic to be controlled by the controller
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and, by checking in the dedicated window on the right, which airports the respective station is
controlling. If an ATCO is handling too much traffic, the corresponding column will turn with
ared border and the RTC supervisor will take action. The supervisor's method of reasoning will

be based on the type of traffic controlled by the controller and is quite simple:

o The departure and start-up request traffic is the less challenging and therefore requires

less mental effort by the controller.
o Arrival and VFR (visual flight) traffics engage the controller much more.

The supervisor at this point can take several actions; he can decide to delay VFRs from entering
controlled airspace, move some traffic to another controller or try to call the competent ACC
and request an anticipation of the flight.

The Supervisor Planning Tool also has the ability to show how much traffic could potentially
come into radio contact in a certain time range and will also redistribute traffic in function of
this, to avoid interference and overlapping of radio communications as much as possible. The
supervisor will then have the ability to optimally distribute the workload and to assess the
chosen configuration through a what if analysis of both MRTMSs, dynamically changing the
allocation of the airports.

Some ideas for improving this technology presented by the controller concern the
correspondence between the workload column and the corresponding controlled aerodromes,
since at the moment the two pieces of information are dislocated and are only highlighted when
the controller clicks on the specific column. It might be conceivable to implement this

information directly on the workload columns.

5.1.1.2. MOVES

Figure 31 - Transfer of airport management
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As the name suggests, the tool assists the supervisor in switching the command of an
aerodrome from one MRTM to another.

As can be seen in the image, each column corresponds to an MRTM (which can manage a
maximum of 3 aerodromes at the same time) and, simply by making a hand gesture, the
supervisor can initiate the air traffic handover procedure.

In a first phase, the aecrodrome that has been moved continues to be displayed by the first
ATCO; this procedure is intended to facilitate the smooth passage of information between the
two modules. Once the second RTM is controlling the situation, the Supervisor may,
depending on his experience and the complexity of the traffic at the shifted aerodrome,

completely hand over the aerodrome to his new ATCO.

5.1.2. MRTM CWP

The ATCO station is considerably more complex than what we are used to seeing. The strips
have become digital e-strips, located inside an E-CWP, which also displays information about
the runway in use and air navigation and landing assistance information, a new design of PTZ
cameras and a digital OTW that replaces the classic real view. There is also a communication
interface for coordination with the bodies involved and VCS system for communication with

the RTC supervisor.

Figure 32 - Single Module Working Position

5.1.2.1.  Electronic Flight Progress Strips (EFPS)

The e-strips allow the controller to have a cleaner control of the aircraft; while now the
information is all accumulated on paper strips, the e-strips keep only the current flight status
information, archiving the previous ones. The ATCO manages the handling of the strips by

means of a special pen, with which he can also manually write down flight information on the
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strip. The archiving of information is a fundamental part of the programme; today each paper
strip is kept in the airport archives for several years, for traceability purposes or to study the

increase in efficiency of the ATS service.

01 E170W
1300 1016
AZA2108 LND
URF 36

RWY | CNL TO-CLR CNL T/O 00:00:00

o
o
o

Figure 33 - EFPS During Operations

Improvement points suggested by the exercise controllers concern the possibility of being able
to enlarge with a simple gesture, e.g. double touch on the strip, the information on the EFPS,

which is now present but very small in size.

5.1.2.2. E-CWP
The E-CWP consists of two different areas:

o A lower one, consisting of 2 columns for each airport controlled by the RTM. This
allows the management of e-strips in pecial bays, programmed to subdivide the flight

progress strips into relevant fields.

o Anupper, dynamic one that provides information about the runway, weather conditions
via the Automated Weather Observing System (AWOS), Radar view to manage the
approach of aircraft to the runway, and Flight Data Processing (FDP).

Figure 34 - E-CWP
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5.1.2.3. PTZCAMERAS — NEW DESIGN
The new PTZ camera design consists of a touch screen monitor acting as OTW PTZ Controller
and a PTZ Monitor. Through a quick touch, the controller can fluidly move through space and

zoom in on specific points of the airport.

Figure 35 - PTZ Controller Figure 36 - PTZ Monitor

51.24. OTW
The OTW represents a key element for remote control, aiming to replicate the controller's view
of the airport field. Out-the-Window view is realised through n.6 55" 4K monitors for a

seamless view of the airport(s).

Figure 37 — OTW
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5.2.PJ.05-W2-97 - HMI INTERACTION MODES FOR AIRPORT TOWER

The solution addresses the development of new human machine interface (HMI) interaction
modes and technologies in order to minimize the load and mental strain on the Tower
controllers. The SESAR solution shall consider modern design and development approaches
and methodologies such as modularity, adaptive automation, etc. The new HMI interaction
modes include the use of in-air gestures, attention control, user profile management systems,

tracking labels, virtual and augmented reality, etc.

Remote Tower Services (RTS) provide an opportunity for continued operation of
airports and rural development. The costs for performing Air Traffic Service (ATS) are high
and could be reduced, particularly at low to medium density airports, by provision of Air Traffic
Services (ATS) from a remote tower. In order to do this, the Multiple Remote Tower needs a
high level of efficiency that must not translate into less security. The focus on maintaining
situation awareness becomes an increasingly important factor with multiple remote tower
operations, therefore additional automation functionalities e.g. voice recognition, conflict
detection, and conflict resolution advisories should be developed in order to gradually increase

the operating range of the concept.

The efficiency of using the CWP HMIs for the airport tower requires improvements by
exploiting the latest mature technologies and new interaction modes e.g. touch, gesture, voice,
etc... This project will develop two main solutions that are expected to provide Improved cost-
efficiency, Increased safety & Increased ATCO efficiency . This three main solution are named

Solution 97.2 , Solution 97.1, Solution 97.3.

5.2.1. SOLUTION 97.1 — VIRTUAL/AUGMENTED REALITY APPLICATIONS FOR
TOWER

The main purpose of this solution is to eliminate a potential problem of reduced visual attention.

Its operational impact can be summarized as the 'head up' and 'head down' problem. Head down

times for ATCOs at an airport refer to those times when the ATCO is not looking out of the

window but at any other display. The monitoring of the OTW in the remote tower working

position is therefore described as 'head-up' work. From an operational point of view, head-down

time must be kept to a minimum, because the ATCO in the tower must react as quickly as
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possible to any unexpected events. These unforeseen events are most likely to be detected by

visual surveillance, by looking out of the tower windows or by a panoramic video presentation.

To reduce head down time, a new method of controlling the auxiliary displays had to be
designed, through a more dynamic user interface. This new technology needed to have clear

features:
o Immersive - With a greatly enlarged field of view

o Ergonomic - Make users comfortable with a fit system designed for long term

use
o Instinctual - Touch, hold and move things naturally.

V/AR fuses real-time real-world images with computer-generated data (augmented reality), so
that visual information can be enhanced to improve the identification and tracking of aircraft
(or vehicles) in and around the airport. In low visibility conditions, synthetic vision can display

georeferenced digital data that complement the missing real vision (virtual reality).

When using V/AR, the auxiliary information is merged with the out-of-window (OTW)
vision and presented as an overlay to the real-world visual information. In this way, the
controller's attention is no longer forced to be divided between the primary field of view (OTW)
and auxiliary instruments (such as paper or electronic flight strips, radar for surface movements,
camera streams for gap filling and alarm indications), thus reducing 'head down' time and

increasing situational awareness.

The virtual reality application allows controllers to interact with tracking tags through a
series of aerial gestures and to issue authorizations for non-time-critical activities (start-up,
push-back). In addition, the attention guidance function can be activated by inputs from external
sources, such as the security network or airport sensors, to visualise perceptual cues and direct

the attention of air traffic controllers to a specific event.

Computer-generated overlays can also be displayed adaptively by means of synthetic

vision, e.g. in low visibility conditions.
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5.2.1.1. HOLOLENS 2 TO PERFORM AUGMENTED REALITY

To realise augmented reality for the controllers, SESAR decided to rely on the best product

around today for viewing augmented reality: Microsoft HoloLens 2.

HoloLens 2
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Figure 38 - HoloLens2 Exploded view
[ from learn.microsoft.com]

The Hololens2 is Microsoft’s take on augmented reality, which they call “mixed reality”.
Mixed Reality (MR) is being applied in many different fields, such as medical science,
education or industrial design. It is in the continuum spanned by related technologies such as
Virtual Reality (VR) and Augmented Reality (AR). VR changes the entire surrounding
environment into a virtual form and allow interactions between the user and the virtual word.
AR augments the real-world by including graphics, sounds, and touches feedback through AR
devices. However, AR does not facilitate interactions between users and the virtual objects
added to the real-world scene. MR combines the advantages of the two, scanning the
surrounding real-world environment to build a model, and then adds the needed virtual object
in this environment. Users can directly interact with virtual objects (by operations such as
scaling, rotation, or translation) in the real environment using their hands (or other devices).
Furthermore, virtual objects can also interact with real objects in the mixed reality world.
Using multiple sensors, advanced optics, and holographic processing that melds
seamlessly with its environment, these holograms can be used to display information, blend

with the real world, or even simulate a virtual world.
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Figure 39 - HoloLens2 Front View
[from learn.microsoft.com]

HoloLens2 has a plethora of optical sensors, with two on each side for peripheral “environment
understanding” sensing, a main downward facing depth camera to pick up hand
motions, and specialized speakers that simulate sound from anywhere in the room.

The Hololens2 also has several microphones, an HD camera, an ambient light sensor,
and Microsoft’s custom “Holographic Processing Unit” that they claim has more processing
power than the average laptop. All this comes together to sense the spatial orientation of the

unit in the room, track walls and objects in the room, and blend holograms into the environment.
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Figure 40 - HoloLens?2 Detailed
[from learn.microsoft.com]
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Thanks to the Hand Tracking, Eye Tracking and Spatial Mapping functions, the HoloLens 2
allow the ATCO operator to enhance his senses and be able to manage traffic in the most
ergonomic condition possible.

The HoloLens2 will give the ATCO the ability to have labels with the name of the
aircraft and other useful information directly next to the controller's graphical representation,
allowing him to generate screens wherever he wants in space, e-strips, weather conditions and
more. He can also decide to open an arrival or departure procedure and keep it as a hologram
next to the monitor.

This technology opens the way to a world of possibilities, both in education and
application. Its display is made up of several digital layers, so as the visibility decreases, it will
be possible to increase the digital support that HoloLens provide to ATCO. Operational
information is reported as overlays in the adaptive HMI. Less head down operations increase

the ATCO focus on traffic, decreasing the "visual pollution" thanks to less screens.

5.2.1.2.  INFORMATION OVERLAY : METEO
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Figure 41 - Meteo Information

5.2.1.3.  INFORMATION OVERLAY : DEPARTURE LABEL

Call Sign Afc Type/WCAT
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EOBT: 11.30 CTOT: 11.40

Taxi Hold Position
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Time Time

Figure 42 - Departure label



68 SESAR 2020 Wave 2 — PJO5-W2-DTT

5.2.1.4. INFORMATION OVERLAY : ARRIVAL LABEL

Call Sign Afc Type/WCAT

JTG7ZA AT72/M
3.6NM 300ft 180kts

Distance from
Touch down

Altitude Speed

Figure 43 - Arrival Label
5.2.1.5. AIRPORT LAYOUT OVERLAY
In low visibility condition the out of tower view becomes a synthetic representation of the

reality. The colour of the layout also give ATCO information on runway status, for example
taxiway closed or not available.

Figure 44 - Layout Overlay
5.2.1.6. AIR GESTURE
Air gestures are movements made by the controller with his hands in the air, in front of his
eyes. Using hand tracking function, they identify the movement made by the controller,

allowing the controller to spend less time on less critical choices, by authorising them through

a simple hand gesture as shown in the image below.

1. 7 3

Figure 45 - Approval gesture
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5.2.2. SOLUTION 97.2—-IMPROVING CONTROLLER PRODUCTIVITY BY ASR AT THE
TWR CWP

Automatic Speech Recognition (ASR) system that transforms audio signals into a sequence of
words (speech-to-text transcription). The transcribed words are then transformed into air traffic
control concepts (text-to-concept annotation). This can be supported by modules of an assistant-
based speech recognition system (ABSR), such as prediction and extraction of commands. The
set of predicted commands is derived via machine learning algorithms from current and
historical contextual knowledge (surveillance data, route information, transcripts and previous
annotations, etc.). This increases the rate of command recognition and minimizes recognition
errors in ABSR systems. The extracted concepts are combined with the recognised ATC
commands and presented on an HMI for further acceptance or possible correction by the

controller.

5.2.3. SOLUTION 97.3 — MULTI TOUCH INPUT DEVICES

No public information is available regarding Solution 97.3



6. CONCLUSIONS

According to Deep Blue's Human Performance Assessment, workload and situational

awareness were always maintained at acceptable level in the solution scenarios. Moreover, both

supervisors agreed that it was feasible and acceptable to provide supervision to 3 aecrodromes.

The concept is confirmed to be feasible and acceptable as situation awareness,

workload, acceptance, usability and safety were above tolerable threshold for all solution

scenarios (except from acceptance in safety solution scenario 6).
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level only for reference scenario 3, in which the ATCO had to manage 3 airports

without the support of the supervisor.
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v" Recommendations were mostly related to local operational environment needs (e.g.,
position of buttons) or technical limitations (e.g., integration of live data in supervisor
planning tool) rather than to the concept itself. The HMI needs to be further refined in

relation to the specific operational environment needs before the deployment.

Feedback from controllers showed that the prototype for V/A-R supports controllers in
maintaining an acceptable level of workload, (team) situation awareness, the potential for
human error, trust, acceptance, job satisfaction, and perceived safety. Moreover, time spent in
head-up increased in the solution scenario with respect to the reference scenario.

The prototype for V/AR with Safety Nets improved the perceived safety performance.

v’ Usability can be improved by designing the tracking labels in a way that they do not

overlap each other and/or cover the background.

v Air Gestures need to be refined so that ATCOs do not have difficulties using them. It

should be considered to use Air Gestures only for non-critical clearances.

My personal vision of the future of air traffic control is a combination of the two Solutions
presented in SESAR 2020 Wave 2. Just imagine an RTM with the Overlays and Kinect
technology that are implemented in Solution 97 today; we could have all the benefits of the
remote control tower plus the technological assistance of Mixed Reality, with the associated
Air Gestures.

The future of air traffic control is now more than ever the subject of a major technological

challenge that will see its design and the role of ATCOs change forever.
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