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Short abstract: Future Sky Safety is a Joint Research Programme (JRP) on Safety, initiated by EREA, the association of
European Research Establishments in Aeronautics. The Programme contains two streams of activities: 1) coordination of the

safety research programmes of the EREA institutes and 2) collaborative research projects on European safety priorities.

The main objective is to present the main outcomes of the “Future Sky Safety on Final Approach” conference that has been
held on the 6-7 of November, 2018 in Brussels, at Eurocontrol Headquarters. This dissemination event presented the results

reached so far by all the projects within the Future Sky Safety programme.
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EC European Commission

ECAM Electronic Centralized Aircraft Monitor

ECS Environmental Control Systems

EFB Electronic Flight Bag
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OM-B Operations Manual part B

PFD Primary Flight Display
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SMS Safety Management System

SPS Safe Performance System

SRIA Strategic Research and Innovation Agenda

WP Work Package
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EXECUTIVE SUMMARY

Problem Area

Future Sky Safety is an EU-funded transport research programme in the field of European aviation safety,
with an estimated initial budget of about € 30 million, which brings together 33 European partners to
develop new tools and new approaches to aeronautics safety, initially over a four-year period starting in
January 2015.

The two main objectives of Future Sky Safety are:

Coordination of institutional safety research programmes will connect and drive complementary in-
house Safety R&TD in the European aeronautical research establishments to safety priorities established
by the EC in the ACARE SRIA on Safety and Security. This will increase the leverage effect of safety

research and innovation, performed outside Future Sky Safety, by the EREA institutes.

Collaborative Safety Research will be performed only on safety risk priority areas. The five associated

objectives, each addressed in one Technical Research Project, are:

e Perform breakthrough safety research, in accordance with the EAPPRE priorities, to enable a
significant reduction of runway excursion risk in the medium term.

e Reduce the likelihood of organisational accidents in aviation via development and
implementation of a Safe Performance System (SPS).

e Develop a prototype risk observatory to assess and monitor safety risks throughout the Total
Aviation System and allow frequent update of the assessment of risks.

e Define and apply the Human Performance Envelope for cockpit operations and design, and
determine methods to recover crew’s performance to the centre of the envelope, and
consequently to augment this envelope, through HMI principles, procedures or training.

e Develop solutions to mitigate the risk of fire, smoke and fumes related (fatal) accidents.
Description of Work

The main objective of this document is to present the main outcomes of the “Future Sky Safety on Final Approach”
conference, which has been held on the 6-7 of November 2018 in Brussels, at Eurocontrol Headquarters. This

dissemination event presented the results reached by all the projects within the Future Sky Safety programme.

This report contains the presentations and posters produced to promote the conference and facilitate the

transfer of information. This report also contains a summary of the questions raised and their answers.

As regards the questions and answers provided during the conference, it should be noted that the

information contained in this report is the author’s interpretation and reflection of the comments made.
Results & Conclusions
The “Future Sky Safety on Final Approach” conference has been held on the 6-7 of November, 2018 in Brussels, at

Eurocontrol Headquarters. It focused on the presentation of the achievements and progress of the five
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technical projects (P3, P4, P5, P6, P7) in the programme. Presentations were well received by the

participants, and fostered a fruitful discussion on research needs.

All FSS (Future Sky Safety) projects were properly represented at the event. Each presentation generated
interesting and fruitful discussions, with several interventions from the participants to discuss both the
technical aspects of the projects and the more theoretical/high level ones. Participants particularly
appreciated the presentation of the main outcomes of each project, which matched the conference
objectives to share the main achievements to improve the internal coordination and overall awareness. A
guided tour of the poster exhibition complemented the presentations given, and was very well received

by participants as well.

Overall, the conference fully reached its objectives, in terms of awareness of the full consortium about

projects goals and activities and of awareness of programme technical progress up to date.
Applicability

This document supports the dissemination of FSS results, both internally within the Programme and with

the European Commission and EU-related services. In particular, it provides insight into FSS research on:

e P3 Solutions for runway excursions

e P4 Total system risk assessment

e P5 Resolving the organizational accident
e P6 Human performance envelope

e P7 Mitigating the risk of fire, smoke and fumes
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1 INTRODUCTION

1.1. The Programme

FUTURE SKY SAFETY is an EU-funded transport research programme in the field of European aviation
safety, with an estimated initial budget of about € 30 million, which brings together 33 European partners
to develop new tools and new approaches to aviation safety, initially over a four-year period starting in

January 2015. The two main objectives of Future Sky Safety Programme are:

e Coordination of institutional safety research programmes, funded by the EREA (European
Research Establishments in Aeronautics) institutes;

e Collaborative safety research on safety risk priority areas (co-funded by the EC).

The Programme research focuses on four main topics:
e Building ultra-resilient vehicles and improving the cabin safety;
e Reducing risk of accidents;
e Improving processes and technologies to achieve near-total control over the safety risks;

e Improving safety performance under unexpected circumstances.

EU is funding specific Collaborative Safety Research projects:

e Perform breakthrough safety research to enable a significant reduction of runway excursion risk
in the medium term.

e Develop a prototype risk observatory to assess and monitor safety risks throughout the Total
Aviation System and allow frequent update of the assessment of risks.

e Reduce the likelihood of organisational accidents in aviation via development and
implementation of a Safe Performance System (SPS).

e Define and apply the Human Performance Envelope for cockpit operations and design, and
determine methods to recover crew’s performance to the centre of the envelope, and
consequently to augment this envelope, through HMI (Human-Machine Interface) principles,
procedures or training.

e Develop solutions to mitigate the risk of fire, smoke and fumes related (fatal) accidents.

Coordination/cooperation of institutional safety research programmes connects and drives the
complementary in-house Safety R&TD (Research and Technology Development) in the European
aeronautical research establishments. This achieves significant leverage of the invested EU funding

through a more efficient and effective use of resources.

The Programme will also help to coordinate the research and innovation agendas of several countries and
institutions, as well as to create synergies with other EU initiatives in the field (e.g. SESAR — Single

European Sky ATM Research, Clean Sky 2).

Future Sky Safety contributes to the EC Work Programme Topic MG.1.4-2014 Coordinated research and

innovation actions targeting the highest levels of safety for European aviation in Call/Area Mobility for
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Growth — Aviation of Horizon 2020 Societal Challenge Smart, Green and Integrated Transport. Future Sky
Safety addresses Safety challenges of the ACARE (Advisory Council for Aviation Research in Europe)
Strategic Research and Innovation Agenda (SRIA).

1.2. Research objectives

The objective of this document is to present the main outcomes of the “Future Sky Safety on Final Approach”
conference has been held on the 6-7 of November, 2018 in Brussels, at Eurocontrol Headquarters. This dissemination

event presented the results reached by all the projects within the Future Sky Safety programme.

The document is intended for the conference participants as minutes of the event, and for interested

parties not able to attend to provide the relevant information about the conference content.
1.3. Approach

Minutes of the event, presentations and dissemination material are all included in this report. The report
also illustrates the main recommendations drawn from the event, which can be applied to improve the

effectiveness and resonance of the last FSS Public conference.

As regards the questions and answers provided during the conference, it should be noted that the

information contained in this report is the author’s interpretation and reflection of the comments made.

The presentations of all speakers will be made publicly available through the website of Future Sky Safety.

1.4. Structure of the document

Section 2 presents an overview of the event held on the 6-7 of November, 2018 in Brussels, at Eurocontrol

Headquarters.

Appendices include the list of participants to the conference (Appendix A), presentations given during the
conference (Appendix B), the conference Posters (Appendix C) and photographs from the conference
(Appendix D).
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2 FUTURE SKY SAFETY ON FINAL APPROACH CONFERENCE

The “Future Sky Safety on Final Approach” conference has been held on the 6-7 of November, 2018 in
Brussels, at Eurocontrol Headquarters. This dissemination event presented the results reached by all the
projects within the Future Sky Safety programme. The public conference provided the attendees the main
technical and scientific results obtained so far within the five collaborative technical projects initiated
within Future Sky Safety (P3, P4, P5, P6, P7).

2.1. Promotion of the conference

The event was promoted via email with more 330 invitations and through the project website, with a
dedicated page. The event was advertised within EUROCONTROL via their internal weekly newsletter

which should have reached most of our 1200 staff members.
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A save-the-date and later a final invitation (including agenda) were produced. Both of them were sent
periodically via e-mail with more 330 invitations.
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Figure 1: Initial save-the-date for the “Future Sky Safety on Final Approach” conference
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Figure 2: Final invitation to the “Future Sky Safety on Final Approach” conference
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Figure 3: Players involved in Future Sky Safety
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2.2. Structure of the conference

The focus of the “Future Sky Safety on Final Approach” conference was to present, share and discuss the
main results achieved by the EC funded technical projects (P3, P4, P5, P6 and P7). For this reason, room
for discussion was left at the end of each presentation batch, with 10 minutes dedicated to the questions
and answers between the Project Managers, other project participants and the conference audience. The
technical presentations given by Project leaders during the conference are reported in Appendix B.

Invited speakers provided the institutional framework before the technical sessions:

e Philippe Merlo (Director European Civil-Military Aviation at Eurocontrol): What is Eurocontrol?
The European Organisation for the Safety of Air Navigation

e Daniele Violato (Head of Sector Aviation Research at INEA — EU Commission): Welcome to the
Future Sky Safety on Final Approach Conference

e Laurent Leylekian (EREA): Designing the future of aviation. Future Sky

e Michel Piers (NLR): Future Sky Safety. Programme Overview
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Table 1: Agenda of the “Future Sky Safety on Final Approach” conference

10:00 WELCOME EURDCONTROL
INEA
10:10 | Introductory remarks Danisls Visixts
EREA FUTURE Sky Board
10:30 | Future Sk
HENIE Laurent Leylekian [ONERA]
NLR
10:50 | Future Sky Safety Programme ) )
Michel Piers

P3: Solutions for runway excursions

KLM [retired], Safe-Runway GmbH
Capt. Rob van Eekeren

NLR

Peter van der Geest

11:10 | A pilot's view on the runway excursion problem

11:40 | Overview of the project and technical results

12:00 COFFEE BREAK

NLR

Peter van der Geest

12:20 | Using the results of P3 in reducing the runway excursion risk

12:40 | Questions & answers Chair: NLR

13:00 LUNCH

P4: Total system risk assessment

S0 Data4Safety: A partnership for a [big] data driven aviation EASA EASA
’ safety analysis in Europe Erick Ferrandez Leopold Virolez
NLR

14:40 | Overview of the project and technical results .
Wilfred Rouwhorst

e Backbone Models supporting a Total Safety Assessment ONERA
’ inside the Air Transport System Pierre Bieber
15:40 | Questions & answers Chair: NLR

16:00 Partnering event - Visit to the poster area

16:45 END DF 15" DAY
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P5: Resolving the organisational accident
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y o . EUROCONTROL
09:10 | SAFEORG — A toolkit to manage organisational safety risks i
Barry Kirwan
> y e Luton Airport Easydet
09:30 | The Luton Safety Stack, improving safety and efficiency =
Liam Bolger Dave Cross
- o KLM
10:00 | Insights from a Safety Culture Survey of a global airline
Jaap van den Berg
10:20 Ensuring the right safety view at the top — Executive-level Deep Blue
) Safety Dashboards Carlo Valbonesi
10:35 | Questions & answers Chair: EUROCONTROL

COFFEE BREAK

PB: Human performance envelope

FAA
11:00 | Human Factors challenges on the flight-deck
Kathy Abbott
St Graceful degradation in ATM and the Human Performance NASA
. Envelope Tamsyn Edwards
] i . DLR
12:00 | Overview of the project and technical results ; ;
Matthias Wies
e Lufthansa
12:20 | Development of new cockpit interfaces 7
Carsten Schmidt-Moll
12:40 Development of a Smart Vest for real-time measurements of | CSEM
: physiological data Josias Wacker
13:00 | Questions & answers Chair: DLR

LUNCH

P7: Mitigating risks of fire, smoke and fumes

. . . ONERA

14:20 | Overview of the project and technical results 5

Eric Deletombe
o : EMBRAER

14:40 | Cabin Air Quality _ y
Ricardo Reis

Sl Material solutions to mitigate fire, smoke and fumes in the VZLU DLR

’ cabin environment Frantisek Martaus Martin Liebisch
15:30 | Questions & answers Chair: ONERA

Wrap up

END OF 2" DAY

CIRA

Intro speech: Philippe Merlo (Director ECTL DECMA)
o What is EUROCONTROL (corporate ppt)
Michel Piers
o Agenda

Daniele Violato (Head of sector aviation research INEA-EU Commission)

o Describes INEA (transport, energy, telecommunications), implementing parts of Horizon

2020 and the Connecting Europe Facility (CEF)
o Provides high-level programme management
o Supporting 1500 projects
o INEA part of Flight Path 2050 and Aviation Strategy 2015

Status: Approved Issue: 2.1

PAGE 20/327

This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR.
Future Sky Safety has received funding from the EU’s Horizon 2020 Research and Innovation Programme, under Grant Agreement No. 640597.



*
Project Dissemination, exploitation and communication * ')

Reference ID: FSS_P2_CIRA_D2.14 * FUTURE SKY

Classification: Public * * * SAFETY

o “Family” of INEA: CleanSky 2, EASA, SESAR, EUROCONTROL
o FSSis the biggest aviation research programme supported by INEA (14,9 m€)
o EUNADICS-AV: improve quality of data in disasters, facilitate coherent Pan-European risk
and exposure assessment
o Safeclouds.eu: big data mining for proactive safety.
o SARAH: robust certification for ditching of aircraft and helicopters
o MUSIC-haic: simulation tool for predicting Ice crystal icing in flight
e Laurent Leylekian (EREA)
o The context: growing air traffic, Europe could lose the leading role in terms of
connectivity, Asia Pacific to lead
Challenges: multimodality, noise, emissions, new a/c and usage
EREA presentation, FSS is EREA initiative
Future Sky to make aviation dream again, in line with FlightPath 2050

o O O O

How Future Sky works:
=  Board of EREA members to identify challenges, needs and define programmes in
dialogue with EU policy makers
= Between demonstrators and prototypes, N+2 level, solutions beyond 2020 and
2025 > addressing 2050
o Future of Future Sky:
= enlarge and update scope
= raise more and more awareness
= develop roadmaps
=  match expectations of the new forthcoming Commission
= Future Sky intends to remain THE Joint Initiative for green and seamless mobility
e  Michel Piers (NLR)
o Program Overview
o Main data in a nutshell (48 to 54 months now, 25m€ budget)
o Short description of Projects
o P1: coordination
=  Research coordination, 180 PhD, 5000 employees in aeronautics, 6000
publications, 0,5 bln € annual research budget
=  Develop and share awareness of institutional research
= The two approaches to collaboration: coordination & cooperation
=  Monitor funded research (2000 person months, 30m€ per year safety research)
= Decline in stand-alone activities, tendency for more international research
consortia
=  What: general coordination workshops, 14 workshops meetings organised on
specific topics, 8 cooperation projects, 225 PM of institutional cooperative safety

research outside EC funding for FSS
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o P3:runway excursion
= EAPRRE as starting point
=  Braking on slippery surface
= Shortcomings on aircraft ground models
=  Real test on wet/flooded runways
= Improved model for braking performance
= New algorithms to analyse flight data for runway veer-off risk factors
=  New concepts (CLAS, CORSAIR)
= Results ready for application
o P4:Total risk assessment
= Built on previous projects: ASCOS, IRP/AIP, FAA-ISAM, ASIAS, CATS-NL
= Develop a risk assessment framework
=  Develop a risk observatory
= Runway excursion and Mid-air collision backbone models for risk assessment
o P5:solving the organisational accident
= QOrganizational factors as hazards for accidents
= |Intelligence, mindfulness, safety culture beyond Air Traffic Management (ATM),
Agile response to crises, advanced Safety Management System (SMS)
=  The focus on middle managers
= |nterviews and training packages
= Safety mindfulness app
= Migration of safety culture from ATM to other aviation segments
=  P5 portfolio
o P6: human performance envelope
=  Develop the concept, verify its existence
=  Conduct experiments to select and assess physiological sensors
=  Validate Human Performance Envelope (HPE) and physiological measurements
to identify limits of performance decrements
=  Determination of recovery measures
=  Validation of solutions for augmenting the envelope
=  Sensors validated, competency evaluation tool developed, prototype of tool for
augmenting HPE developed
o P7: mitigating the risk of fire, smoke and fumes
= Understanding behaviour of fire
=  |mproving material to limit that
= Experiments on new materials
= New test protocols developed
= Screening of new material solutions (resins, natural fibres...)
=  Developed design recommendation for dealing with on-board quality issues

o 2019: focus on exploitation actions

CIRA Status: Approved Issue: 2.1 PAGE 22/327

This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR.
Future Sky Safety has received funding from the EU’s Horizon 2020 Research and Innovation Programme, under Grant Agreement No. 640597.



*
Project Dissemination, exploitation and communication * ')

Reference ID: FSS_P2_CIRA_D2.14 * FUTURE SKY

Classification: Public * * * SAFETY

2.3. Presentations

2.3.1. P3 Solution for runway excursion

A pilot’s view on the runway excursion problem (Copt. Rob Van Eekeren — Pilot KLM)

ICAO criteria are introduced to evaluate the dimensions of the runway necessary for a safe landing,

and the mitigations that the runway must have to reduce the effects of an off-runway.

Over the years the cost of the off-runway has increased, in 2018 it should exceed 7 billion dollars, the
probability of these events is low but they produce very serious effects, therefore the associated risk
is not to be underestimated. Therefore mitigation actions are necessary, both airplanes and airports

must be aligned with the ICAO RESA (Runway End Safety Area) directives.

In the future, a broader analysis of the data could be envisaged focusing on analysis of the causes.
The development of aircraft devices dedicated to address this problem, greater training of pilots,
external parts of runways with systems to slow down aircraft, systems to absorb impact energy,
runways wider than 75 meters to reduce the risk of side exits from the track, because this risk is
relatively high. Mitigation actions can exploit new materials to be laid on the sides of the runway, an
inexpensive solution that reduces risks in case of runway exit, the cost of adjustment of runways is

only 2% compared to the total costs necessary to reduce this type of risk.
Overview of the Project and Technical Results (Peter Van Der Geest - NLR)

The European Action Plan for Prevention of Runway Excursions (EAPPRE) provides guidelines to
reduce the risk of runway exit. P3 goals are to develop methods for analyzing aircraft control on the

runway, assessing the impact of water on the runway on the aircraft and identifying risks.

One of the problems is due to the side wind on the runway that requires a landing with the axis of the
aircraft not aligned with the runway; this requires pilots capable of handling these situations and who
must be trained with simulators. In crosswind conditions the control of the aircraft is more difficult.
Using new carts could reduce the effects of this problem. Another problem is caused by the presence
of water on the runway. Flight tests have been performed in order to collect relevant data and

validate aircraft performance models, this will allow to improve the models used.

A method (algorithm) and tool are necessary to calculate the risk associated with a landing, according
to the different conditions, applying machine learning techniques, in order to evaluate the lateral

dispersion on the runway with respect to its center during landing, in different conditions conditions.

Runway Excursion Analysis: Challenges and Opportunities for Large Transport Aircraft (Sara Lagunas

Caballero - Airbus Defence)

To evaluate the friction capacity on the runway in case of surface contaminated by water, tests were
performed with Cessna and A400M, considerations were made on the forces involved, in particular
those of friction that were associated with deceleration. The two aircraft have different
configurations in terms of wheels, weight and landing speed. The friction coefficient was evaluated by
making acceleration and wheel speed measurements. Furthermore, the phenomenon of aquaplaning

has been analyzed.
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Managing the risk of runway excursions (Stefanioros Vasileios - EASA)

A historical overview of the development of legislation to reduce the risk of runway excursions was
given. First step is to know the conditions of the runway in order to assess the risk. Initially, the
evaluations were subjective, there were no standard methods, friction coefficients were not
evaluated based on the runway conditions. Often also the runway is not monitored with sufficient

frequency to know the conditions of the runway.
Question / answers

Q: With regard to the change in runway surface friction in the event of a polluted runway, does this

analysis concern all the wheels?

o A:The analysis of the contemporary effects on all the wheels will be analyzed in the
future; this is a very complex analysis that for now has been performed on individual

wheels.

Q: Are there rules to define the degree of contamination?

o A:There are some runway surface friction measurement scales to define the degree of

contamination of the runway.

2.3.2. P4 Total system risk assessment

DatadSafety: A partnership for a (big) data driven aviation safety analysis in Europe (Erick
FERRANDEZ, Leopold Virolez - EASA)

EASA supports interactions between states and expert industries, to identify safety priorities and
identify possible mitigations to problems, and to monitor and evaluate safety performance. It
supports the exchange of information in order to identify risks. It also involves data management

organizations for big data analysis. D4S involves both government agencies and airlines.

So the data must be collected, organized, the metrics must be defined and they must be analyzed

efficiently, all in order to indicate what are the actions to mitigate the risks and increase the safety.

- Collaborative work

- ldentify safety priorities

- Connect safety intelligence with actions

- Aprocess already established (ESRMC)

- D4Sto enhance 3 steps: identification of safety issues, safety assessment and safety performance
o Voluntary and collaborative

Independent governance (dual management)

Data Processing Organisation to manage big data solution

Outcome shared for the benefit of all the community

Linked with other initiatives

O O O O o©O

Need for proof of concept with a few stakeholders to test governance

- Output expected: metrics, blind benchmarking, directed studies, vulnerability discoveries.
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Overview of the Project and Technical Results (Wilfred Rouwhorst - NLR)

One goal is to build a prototype for the Risk Observatory and develop a Risk Assessment Framework
that uses a Risk Assessment model. We start from the requirements, we define the domain, we
develop the model up to the analysis of the data and the results of the observatory. The observatory
should help to reduce the number of occurrences of accidents, which in turn improves safety. We
need to understand what the required system performance needs to be in terms of safety, assess the
most dangerous events and understand the actions to be taken to improve safety. The collected data
must be organized, merged and analyzed. For example, the touch-down data of the different aircraft,
in terms of position error and speed, this allows for statistical analysis. So it will also be possible to

make extrapolations on what could be expected values for the future.

- Goals
o Prototype Risk Observatory
o Develop risk assessment framework that integrates risk assessment models

o Overview of project

Backbone Models supporting a Total Safety Assessment inside the Air Transport System (Pierre
Bieber — ONERA)

We want to model the risk of the aviation system, then this model must be validated through case
studies. A use case is that of collision avoidance, we must build the tree of events that then lead to
the possible conflict situation. We consider the frequencies of occurrence of these events that are
known and weights are based on the severity of the different events. Combining the probabilities of

the different events leads to the risk assessment.

- Backbone model

- Contributing and Influencing factors (attributes, weight and rate of occurrence of the attribute)

Question / answers

- Q: Will the backbone model be accessible?
o A:The intention is to make the model available at the end of the project. However, there
are confidentiality arrangements regarding some data sources used to build the model.
- Q: Canthe model be used to predict new risks? Collision of RPAS in controlled airspace?
o A:Theoretically, it is possible.
- Q: Do models that were created include oceanic operations data? This of interest, because
generally there is a data gap in this kind of operations.
o A:We would need to check if oceanic operations data is included in the data sources.
- ii) Any idea of sharing/coordination among EU and US? In US there is Infoshare, a confidential
meeting for sharing lessons learnt among operators.
o A: We are in touch with FAA, but not institutionalised. May want to strengthen the links.
FSS is not actively involved in that. There are similar events in Europe. The idea of EASA is

to complement the D4S with expert knowledge, not everything is in the data. EASA is
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trying to do that and organise an event for that in the 2nd quarter of next year. Lufthansa
has meetings once per year, comparing FDM of different operators.
- Q: Do founding members of D4S play another role other than provide data and governance?

o A:The founding members provide technical expertise to analyse the data, and have a say
in everything. They are at every layer of the process. The focus for now is on
demonstrating the concept, so it is currently limited to a few stakeholders.

- Q: There is some complementarity between D4S and the Risk Observatory. What about timing?
How to facilitate the joining of D4S with the RO (e.g. handover of RO to EASA...)?

o A: mid 2019 D4S should be comfortable with the technical solutions and that we are on
the right track. From that point EASA could open, e.g. in the 2" or 3™ quarter of 2019.
The dialogue is ongoing between EASA/D4S and Future Sky Safety P4 and Safeclouds.eu.

2.3.3. P5 Resolving the organizational accident

Raising our game in organisational safety management (Barry Kirwan - EUROCONTROL)

Safety is at the top of Eurocontrol's priorities, this is also achieved through the exchange of
information with the airlines. A safety culture is important, which must be taken from the ATM to
the various aviation segments, such as airlines (pilots and companies from different countries),
airports and engineering. The most critical points still today are the support to the organization
and the fatigue of the pilots, the effort that makes the pilots make them less ready and can
create problems of safety. EASA in August 2017 provided a practical guide to help prevent safety
problems in organizations. A communication network, with a crisis team in place, is needed to
manage crises. Military experience can help to organize the structure to support the safety to

manage the circumstances of crisis that arise. See the website on FSS P5 tools: www.safeorg.eu.

The Luton Safety Stack, improving safety and efficiency (Liam Bolger - Luton Airport, Dave Cross

- Easylet)

The organization for dealing intelligently with safety should ensure sharing among all the parties
involved, with an exchange of information in and out of all the partners. To this end, a series of
actions must be implemented, including training in crisis situations, spreading safety culture,
standardizing safety communications, through inspection, video production, identifying actors
and responsibilities in case of safety problems. The controls on the aircraft are fundamental when

it is on the ground (ground operations), all these checks must be documented on specific cards.
Insights from a Safety Culture Survey of a global airline (Jaap van den Berg - KLM)

KLM is one of the examples of high levels of safety in the world; this goes through an online
surveillance, with questionnaires that go beyond those prescribed, for the different players in the
aeronautical field, passengers, pilots, airport operators, traffic control operators, and KLM is
ready to consider the feedback received, so online surveillance is used. The results of these
analyzes are used to improve the knowledge of the operators and thus increase safety. These

guestionnaires are well received by the aeronautical community.
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Ensuring the right safety view at the top — Executive-level Safety Dashboards (Carlo Valbonesi -
DBL)

A dashboard is a tool for analyzing and managing safety data, in order to identify safety problems.
The data could come from the regulatory bodies. It shows a risk map, Key Performance Indicators
of European safety, progress in disseminating the safety culture, people involved in safety in
Europe, the impact of safety changes. This tool has been improved with feedback received in a
special meeting. It requires an automatic evaluation, an interactive and intuitive visualization.
This system can be improved in the future. The tool is available through web-browser access at

https://dashboard.dblue.it/ (note that a username and password are required to obtain access).

Question / answers
Q: What are the next steps to improve safety?

o A: Centralizing information and making it available via standardized reports; information

should not be interpreted but collected in such a way as not to be confused.

Q: What is the short- and long-term strategy to increase safety?

o A:lInthelongterm it is to teach the operator the culture of safety.

2.3.4. P6 Human Performance Envelope
Human Factors challenges on the flight-deck (Kathy Abbot - FAA)

The challenges related to human factors are due to the complexity, i.e. the diversity of the
operators and the interactions between pilots and controllers. All operators must have
certifications to operate based on the role, as well as the aircraft. Sometimes communications
between pilots and controllers are complex and this can lead to misunderstandings. So
information must be essential and simple. Every single incident requires changes to make it
happen no longer. We need to change management, reduce operator fatigue and reduce risks.
We must ensure that the introduction of novelties does not diminish the safety. One way is to
simplify the information provided to pilots, as was done with the most recent cockpits, also
introducing tools to support pilots. How to mitigate risks, improve procedures, eliminate risk

conditions, improve design, provide alert and warning tools to improve safety.

Graceful degradation in ATM and the Human Performance Envelope (Tamsyn Edwards - NASA)

The future ATM will allow greater tolerances, more precise trajectories, greater strategic control,
systems capable of tolerating malfunctions, greater automation to reduce human factors. We
must understand what the causes are for the ATC degrades its performance and understand the
actions necessary to recover from degraded situations. The causes of ATC degradation can be for
example a bad communication or a malfunction of the radar, the weather, an emergency of the

aircraft, requests to the pilot.
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Overview of the Project and Technical Results (Matthias Wies - DLR)

Objectives of the P6 project are to address safety and human performance, operating in an
environment where the human factor is central, the workload, fatigue, attention, communication,
situational awareness, stress, trust, vigilance, teamwork are all important factors. Situational
awareness, stress, workload are three parameters that must be measured and characterize the
situation in which the pilot operates. These aspects must be considered together to evaluate the
safety. These aspects are important for designing the interfaces with which the pilot will have to

interact that can be evaluated through the simulator.

Development of new cockpit interfaces (Carsten Schmidt-Moll - Lufthansa)

New cockpits provide more monitors than ever before, in order to show the pilot information
more efficiently. The information must be such as not to present surprises to the pilot; especially
in abnormal situations, it is important to focus the attention of the pilot on important
information, this is even more important in a dangerous situation (example, fire on board and low
fuel). Also important is how information is provided, for example how much fuel is left in terms of

weight, more intuitive will be how many minutes of flight you can still fly with the remaining fuel.

Development of a Smart Vest for real-time measurements of physiological data (Josias Wacker -
CSEM)

Stress from the response of the behavior of physiology in humans, these changes due to stress
can be measured, measure the heartbeat, its variability, body temperature, posture, from the
eyes an estimate of the pressure. All these parameters can be measured to evaluate the driver's
status and try to make the pilots work the most manageable situations and reduce dangerous

situations.

Question / answers

e Q: What is the price of the CSEM smart vest (manufacturing)?

o A:around 200 euro.

Q: Is it possible to expand the set of sensors mounted on the vest and add EEG?
o A:Yes, itis modular and with only two wires all the current sensors are monitored
e Q: Pilots already have issues sometimes in making sense of the situations they face when things
get critical; adapting the way automation works depending on physiological and other parameters
could disorient the crew. Therefore, the way it changes should always be predictable in full.
o A:Right observation, such considerations are kept for future work
e Q: Bit surprised to hear proposed solutions like “automation to take over if the pilot loses the
picture”, as | think it should the opposite, i.e. try to keep as much as possible the pilot in the loop.
o A: Good point, we will be exploring also this paradigm. “Automation-taking-over” is just

one scenario.

Q: How is physiological measurement correlated to pilot’s performance?
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o A:There was no clear correlation emerging. Picture should be completed by considering
other data like behavioural markers, but for the moment no clear link. However,
physiological measurements and other measures of workload and stress were strongly
correlated.

e Q: What about differentiating the Primary Flight Display (PFD) for the Pilot Flying (PF) and the
Pilot Monitoring (PM)? In the proposed new HMI for the cockpit they remained the same.

o A: Good point, but we must consider also the need for redundancy and cross-check of
actions. At the moment, some airlines instruct the PF to keep the communication while
the PM goes through the Electronic Flight Bag (EFB) to solve the abnormal situation(s).

e Q: What about the requirements for calibration of the vest?

o A: Not much; it takes a few seconds to set it up.

e Q: Any use in operations of the vest was envisioned?

o A: One possible application could be training, as it would allow to see better what is
going on inside the pilot even if the performance is OK. A performance evaluation
software tool, not based on physiological measurements, was developed by NLR to allow

trainers to evaluate the performance of the pilots in real-time.

Q: Which application of the project as a whole can be envisioned?
o A:ltis astep forward in the identification of key risks interactions. It will useful in

guiding future research on how to make degradation of system safety graceful.

2.3.5. P7 Mitigating the risk of fire, smoke & fumes

Overview of the Project and Technical Results (Eric Deletombe - ONERA)

Objectives of the P7 project are to improve the materials used for the cabins to reduce the risk of
fires and smoke production, and to evaluate the mechanical properties of these materials. Various
types of materials including composite materials have been used. Several experiments were carried
out, in particular a panel flame of different materials was struck with a flame, exceeding 500 kelvin
temperatures, in addition to the experiments, simulations were also performed using a simulation
tool. New materials were used such as geo-polymers (resins and foam), natural fibres (cellulose) and
also combinations of these, fibres of metal laminates. This provides the opportunity to study

emissions and cabin air quality.

Cabin Air Quality (Ricardo Reis - EMIBRAER)

In the last 15 years, the number of passengers has doubled; more attention is paid to the quality of
the air in the cabin to increase passenger comfort and safety. Aspects of physics, chemistry, smell,
pollution, and air density, are considered more in aircraft cabin design. The air is polluted by the
people themselves, by the engines, by the plastics; therefore it must be filtered, considering that it is
combined with external air that is heated by exploiting the heat of the engines. In 2017, EASA has
carried out preliminary studies on cabin air quality, but there are also other initiatives on this
important problem. Questionnaires for passengers give excellent feedback in order to improve air

quality, since the sense of smell is an excellent sensor.
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Material solutions to mitigate fire, smoke and fumes in the cabin environment (Frantisek
Martaus — VZLU, Martin Liebisch - DLR)

Materials that resist flame penetration to mitigate the effects of fires on board are sought. Tests and
simulations were performed on some materials, reaching 1,100 degrees centigrade, in order to
validate the behaviour of the materials, the temperature measurements were performed using two

thermocouples.
Question / answers

e Q: Highlight the toxicology part of the materials on fire. Focus on difference between short term
and long-term exposure.
o A: OK. Long-term exposure to low concentration is interesting, but then you would need
to cross many data. Also then comfort would have to be considered more.
e Q: Electric aircraft (bleedless) bring a new scenario concerning cabin air. Have you considered
this?
o A:The Boeing 787 is bleedless. So far, looks like there is no difference in air composition.
e Q: Geo-polymer material...is it gonna be heavier or more costly?
o A: Geo-polymer can be compared to standard composite; it is heavier though, but if you

create carbon composite you can reduce the weight down to present state.
2.4. Dissemination material

In order to raise participants’ awareness on the status of the technical projects, a poster session was open
to projects willing to contribute. In the afternoon of the first day of the conference, FSS Programme
Manager Michel Piers guided a poster tour in collaboration with the authors, so that each poster received

a fair amount of attention.
POSTERS
P1 — Coordination of Institutionally Funded Safety Research
e Coordination of institutionally funded safety research
P3 — Specific solutions for runway excursion accidents

e Improved operational capabilities on contaminated runways 1
e Improved operational capabilities on contaminated runways 2
e OPHELIA tool to predict runway water contamination

e Risk assessment of veer off during landing 1

e Risk assessment of veer off during landing 2
P4 — Total system risk assessment

e Enabling improved safety management
P5 — Resolving the organisational accident

e Safety Culture
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e A prototype interactive safety dashboard for ENAIRE

e Organisational capability of agile response to crises
P7 — Mitigating the risk of fire, smoke & fumes

e Improved material solutions to mitigate fire, smokes and fumes
e  Mitigating risk of fire, smoke and fumes

e Understanding and characterizing the fire behaviour of primary structures composite
materials

e Cabin air quality

Posters displayed during the conference can be found in Appendix C.
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Appendix A LIST OF PARTICIPANTS TO THE CONFERENCE
N. Surname First name Organisation
1 ABBOTT Kathy FAA
2 FIORE Michele Leonardo
3 HOFFMANN Thomas Austro Control
4 ISAMBERT Emmanuel EASA
5 KRASTEV Alexander EUROCONTROL
6 KURUCKI Natasa SESAR JU
7 MINGELS Ronny ARTTIC International
8 PEJOVIC Tamara EUROCONTROL
9 PEREZ-ILLANA Pablo European Commission
10 PERINI Andrea Toscana Aeroporti S.p.A.
11 SACK-NIRSCHL Andrea Austro Control
12 SMEULDERS Willy European Passengers' Federation
13 STEFANIOROS Vasileios EASA
14 VAN EEKEREN Rob safe-runway GmbH
15 BARRY David Cranfield University
16 BERTHE Julien ONERA
17 BETTIGNIES-THIEBAUX Beatrice EUROCONTROL
18 BIEBER Pierre ONERA
19 BIELLA Marcus DLR
20 BLANCHARD Guilhem DGAC/STAC
21 BOGOS Stefan INCAS
22 BOLGER Liam London Luton Airport
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External stakholders segmentation

Decision Maker
Specialised ‘ 47%
Audience

53%

Figure 4: “Future Sky Safety on Final Approach” conference: External stakeholders segmentation

CIRA Status: Approved Issue: 2.1 PAGE 34/327

This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR.
Future Sky Safety has received funding from the EU’s Horizon 2020 Research and Innovation Programme, under Grant Agreement No. 640597.



*
Project Dissemination, exploitation and communication * ’J

Reference ID: FSS_P2_CIRA_D2.14 * FUTURE SKY
Classification: Public * * * SAFETY
Appendix B FSS On Final Approach Conference Presentations

Appendix B.1 “Welcome and introduction: What is Eurocontrol? The

European Organisation for the Safety of Air Navigation” —
Philippe Merlo, Director European Civil-Military Aviation
at Eurocontrol

[ ~4
-

EURDCONTROL

What is EUROCONTROL?
The European Organisation for
the Safety of Air Navigation

Future Sky Safety Conference

6" November 2018

Philippe MERLO
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O

EUROCONTROL - History

EUROCONTROL

41 member states &
the European Community

2000s

(X1

EUROCONTROL Today

EUROCONTROL

B EUROCONTROL & EU

M EUROCONTROL but not
EU

B Israel and Morocco

Maastricht ATC centre

Brussels Headguarters :

| Luxemburg Training centre

Bretigny EEC

« ~1800 staff
+ ~700 M€ budget
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O

Maastricht Upper Area Control Centre

EUROCONTROL

= 260,000 km? over Belgium, the
Netherlands, Luxembourg and North-
West Germany

= Densest airspace in Europe

= More than 1.5 million flights controlled
(2013)

= Annual costs (2013): € 138 M
= 3rd largest control centre in Europe
= 6t largest ANSP in Europe

= Highest controller productivity in
Europe

= One of the most cost-effective ANSPs

[ =4
EUROCONTROL as main European Be.f
R&D ATM centre

= Able to federate European ATM (ATM
Master Plan)

= ATM expertise more efficient
concentrated than scattered

= Sharing R&D costs (expert teams,
validation tools)/Member States

= Leverage Network Manager and MUAC
operational experience

<
. = Enables to discuss with US/FAA on equal

Past Today | Future fOOting
’ = EUROCONTROL founding member and
main contributor of SESAR JU
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Route Charges System- Performance review Unit =@

EUROCONTROL

e o S Routes charges system :
e A 8 * 7,1 billion € collected annually
7_'_ 4 sg| -+ Collection cost of less than 0.3%
’ — el E + Support robust financing of European
i / p ATM
ot 2uinl ' + Good knowledge of European ATM

costs and efficiency

Performance Review Unit :

» Unique expertise in ATM performance
assessment and benchmarking

* Publication of key reports on ATM
performance

O

Network Manager

European ATM Network :

+ 43 States (41+2)

» 1750 Sectors — 68 en-route centres
+ 520 Airports

* 1940 Aircraft Operators

* 6,700+ connected end-users

_ « Peak traffic — 35,937 flights /day
Y ' « 10,600,000+ flights a year

Main functions :

* Manage Air Traffic Flows

+ Develop integrated Route Network
* Coordination with other regions

« Management of crises (EACCC)
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&
EC / EUROCONTROL complementary partners =
e p
* *
P -
EUROCONTROL
* Political direction + Technical expertise
* Community method + Operational role (NM,MUAC)
* Regulatory authority + Cooperation framework
» Finance » Civil-military
+ Single Sky + Pan-European Single Sky
Appendix B.2 “Welcome and introduction: Welcome to the Future Sky

Safety on Final Approach Conference” — Daniele Violato,
Head of Sector Aviation Research at INEA - EU
Commission
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Welcome to the

Future Sky Safety on Final Approach Conference

Dr Daniele Violato
Head of Sector Aviation Research
INEA - EU Commission

EUROCONTROL HQ, 6 November 2018

European

7 /1 11

November

eluUsieg
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INEA in short

Implementing parts of H2020 and CEF
* transport
* energy
* telecommunication actions

Total budget €34.1 billion
* H2020 Transport: €2.9 billion
* H2020 Energy: €3.8 billion

Providing high-level programme management

Currently supporting 1500 project

INEA is part of EU Aviation R&I family

N"a"‘o"‘ Strategy 201
q\\q\—u'F'ath 205, o

e BITEPCON. Sty

ARE'S Strap,

pE

geaich and wmﬁ'é} il
“ub-ﬂ.k"“d'. for Ap,."“»;% shR Deslovmeny o, ",
o
DG
RTD
) Connecting
Horizon 2020 Europe Facility
INEA | _
Mobility for Growth
CIRA Status: Approved Issue: 2.1 PAGE 41/327

This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR.
Future Sky Safety has received funding from the EU’s Horizon 2020 Research and Innovation Programme, under Grant Agreement No. 640597.



*
Project Dissemination, exploitation and communication * "

Reference ID: FSS_P2_CIRA_D2.14 * FU TURE SKY

Classification: Public * * * SAFETY

European
Commission
—

Smart, green and integrated Transport

Smart, green and 60 projects

€275 million (executed budget)

integrated transport

» Cost efficiency
« Resource efficiency

=[]~
- « Seamless mobility
T T
« Breakthrough innovation
“W - Skills and knowledge
» Coord. Supp. Actions
» Reducing aviation noise
« International cooperation

Open to the world

International Cooperation in Aviation Research
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European
Commission

Aviation Safety research supported by INEA

e Future Sky Safety, 14.9 M€ EU funding, 54 months, 33 partners

e PHOBIC2ICE, 1.8 M€ EU funding, 9 partners, Tech Partners E l_"Ll
e VISION, 1.8 M€ EU funding, 10 partners, ONERA “ €
¢ EUNADICS-AV, 7.4 M€ EU funding, 21 partners, ZAMG

e SafeClouds.eu, 5.6 M€ EU funding, 15 partners, Innaxis
e SARAH, 6.6 M€ EU funding, 12 partners, IBK-INNOVATION
e MUSIC-HAIC, 5.16 M€ EU funding, 13 partners, ONERA

Total EU funding > 40 M€

& *‘y
* FUTURE SKY EASA

an Aviation Lalety Agency

* *
* SAFETY

e One of the most ambitious research programme in the field of
European aviation safety (14.9 M€ EU funding, 54 months, 32 partners)

¢ Coordinating several safety research programmes across EU

* Focusing on safety risk priority areas (in line with Flightpath 2050
safety goals)

Current status of the project, currently at month 46
e Showed promising results on
e Focus on exploitation in the final part

e Expected to have a high impact on aviation safety research in Eur@pe
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- N
<

: R A RFEASA
EUNADICS-AV

'European Natural Airborne Disaster Information and
Coordination System

(i) volcanic ash dispersion
(ii) nuclear emissions

(iii) forest fires
Objectives: (iv) sand storms

o facilitate coherent Pan-European risk and exposure assessments

* improve the quality of data and analyses available in an emergency
situation

e assure information accessibility for aviation stakeholders in a crisis
situation by providing an information system interoperable with the
pilot 9

bSafeCloudS.eu W

'Sharing data to make aviation safer’

BAEASA

Earagean Avlation Safety Agency

Objectives:

e develop a user-requirements driven approach for (big) data mining
» to achieve a deeper understanding of the dynamics of the system
* to pro-actively identify and mitigate risks

» develop novel data structures and safety knowledge representation

e develop the proof of concept and validate in a laboratory
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BREASA

'Increased safety and robust certification for ditching of aircrafts
and helicopters'

Objectives:

e to improve aircraft/ helicopter certification tools

e to deliver simulation tools for accurate loading information
e to derive a robust way to safely design new configurations

e to use methods obtained to analyse and optimise approach, landing

and impact phases to supporting the pilot in water landing

"

European
Commission
—

MUSIC- haic

Objectives:

e = el

+ Develop a numerical simulation tools capable of accurately

predicting ice crystal icing (ICI) in in flight conditions

* To incorporate in currently used industrial 3D multi-disciplinary
tools a validated ICI capability that can be used for both design

and certification of new engines, probes and aircraft
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PHOBIC2ICE

'Super-IcePhaobic Surfaces to Prevent Ice Formation on Aircraft’

Objective:

+ to design materials with anti-icing properties suitable for the
development of a more sustainable and energy-efficient coating

systems that prevent ice accretion

13

VIS

'Validation of Integrated Safety-enhanced Intelligent
flight control'

Objectives:

+ to develop smarter technologies for aircraft guidance,
navigation and control (GN&C) by integrating onboard vision

system and advanced fault detection

« to contribute to the global civil aviation goal of the aircraft

accident rate reduction
14
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Conference Programme

DAY 1

10:00 WELCOME EUROCONTROL

INEA

10:10 | Introductory remarks Daniste Violato
EREA FUTURE Sky Board

H k

A0 | Ratone e Laurent Leylekian (ONERA]
NLR

10:50 | Future Sky Safety Programme 2 :
Michel Piers

P3: Solutions for runway excursions

KLM [retired]), Safe-Runway GmbH
Capt. Robh van Eekeren

NLR

Peter van der Geest

11:10 | A pilot’s view on the runway excursion problem

11:40 | Overview of the project and technical results

12:00 COFFEE BREAK

European
Commission
: : . L NLR -
12:20 | Using the results of P3 in reducing the runway excursion risk
Peter van der Geest
12:40 | Questions & answers Chair: NLR

LUNCH

P4: Total system risk assessment

481D DatadSafety: A partnership for a [big) data driven aviation EASA EASA

) safety analysis in Europe Erick Ferrandez Leopold Virolez

: , , NLR
14:40 | Overview of the project and technical results i
Wilfred Rouwhorst

15:00 Backbone Models supporting a Total Safety Assessment ONERA

' inside the Air Transport System Pierre Bieber
15:40 | Questions & answers Chair: NLR

Partnering event - Visit to the poster area

END OF 1¥" DAY
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WELCOME
PS5: Resolving the organisational accident
o : EUROCONTROL
09:10 | Raising our game inorganisatinnal safety management
Barry Kirwan
. = o Lutan Airport Easylet
09:30 | The Luton Safety Stack, improving safety and efficiency d
Liam Bolger Dave Cross
KLM
10:00 | Insights from a Safety Culture Survey of a global airline
Jaap van den Berg
e Ensuring the right safety view at the top — Executive-level Deep Blue
' Safety Dashboards Carlo Valbonesi
10:35 | Questions & answers Chair: EUROCONTROL
COFFEE BREAK
PB: Human performance envelope
11:00 | Hi Fact hall he flight-deck Lo
H . r mn nth 1 t=-
uman Factors challenges o e flig ec Kathy Abbott !
11:30 Graceful degradation in ATM and the Human Perfarmance NASA
) Envelope Tamsyn Edwards
DOLR
12:00 | Overview of the project and technical results
Matthias Wies
. Lufthansa
12:20 | Development of new cockpit interfaces :
Carsten Schmidt-Maoll
12:40 Development of a Smart Vest for real-time measurements of | CSEM
) physiological data Josias Wacker
13:00 | Questions & answers Chair: OLR f
P7: Mitigating risks of fire, smoke and fumes
: : ONERA
14:20 | Overview of the project and technical results
Eric Deletombe
e - EMBRAER
14:40 | Cabin Air Quality % -
Ricardo Reis
e 00 Material solutions to mitigate fire, smoke and fumes in the VILu DLR
’ cabin environment Frantisek Martaus  Martin Liebisch
15:30 | Questions & answers Chair: ONERA
W NLR
rapu
pup Michel Piers
END OF 2™ DAY
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European
Commission

Important info

EU Commission will be present with a stand at
 Aero Days 2019
+ Paris Air Show 2019

Looking for experts
(proposal evaluation, project
assessment).

WE WANT YOU! enrol via the Participant Portal
| |

19

European
Commission

Thanks for sharpening the focus of

aviation safety research!

* *»y

* FUTURE SKY
* * SAFETY
#
20
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European
Commission
—

For more information

“' inea@ec.europa.eu

http://inea.ec.europa.eu

@inea_eu

Look for INEA! Contact:
Daniele.Violato@ec.europa.eu

21

Appendix B.3 “Welcome and introduction: Desgning the future of
aviation. Future Sky” — Laurent Leylekian, EREA
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Eurocontrol HQ, 6-7 Nove

-G o o 5 i

* K

*

. * ¥
* X *
**FUIURE SKY A *E*QEA
* The thrilling context :
A persistent growth of air traffic
irlines to lead it
World Traffic by airline domicile (RPK billions)
0 1000 2000 5000 4000 5000 gelkAM B Mok
012-2031 tratfic 28%
27%
27%
T%
5%
3%
3%
FSS Final Conference — “FSS on final approach’, 6-7 2018, Ha, 2
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**FLTURE 5KY . : > * EREA
il Challenges linked to Aviation Growth  *.*

*

Emissions / Climate Impact

S ———

Ground Prce§sesl 'Ultimodaliy

FS5 Final Conference — “F55 on fino! opprooch”, 6-7 November 2018, Eurocontrol HO, Brussels 3

* ¥ %
#* * *
* FUTURE SKY *EQEA

*

Future Sky, an EREA initiative

o  Future Sky is an EREA initiative started in 2014

o It aims at addressing the main challenges of EU Aviation toward 2050

o  Future Sky
¥ Provides recommendations to the European policy-makers and associated bodies
v Coordinates the research effort of its members toward a greater efficiency

v Initiates and bridges research projects between academics and the industry

FSS Final Conference — "FSS on final approach”, -7 November 2018, Eurocontrol HQ, Brussels 4

CIRA Status: Approved Issue: 2.1 PAGE 52/327

This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR.
Future Sky Safety has received funding from the EU’s Horizon 2020 Research and Innovation Programme, under Grant Agreement No. 640597.



*
Project Dissemination, exploitation and communication * ')

Reference ID: FSS_P2_CIRA_D2.14 * FUTURE SKY

Classification: Public * * * SAFETY
i * ¥ x
« FUTURE SKY * EREA
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Future Sky, a comprehensive ambition
in line with FlightPath 2050

Definition of technologies and systems,
including for the next ATS generation

Contribute to the education of
Knowled ge future engineers & scientists

. Make aviation fascinating for the public
Attra Ctlon and attracting the young generation

g Analyse and prepare the scientific &
Com p etitiveness technological ground for future ATS

FSS Final Conference — “FSS on final app. ", BT 2018, ol HQ, 5
* ¥ x
* * *
**FUIURE SKY *ﬁEEA

" A collaborative ecosystem

Analyzing challenges T . * $

& needs

STy
Identifying synergies between
national institutional research

{
I
I

En

Consultations with Embarking upon
the Industry & dialogue with key
Academics EU policy-makers

Proposing complementary
EU actions lines

FSS Final Conference — "F55 on final

pproach’, 6-7 2018, ol H, 6
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Jruturesky A key p03|t|0n in R&D workflow *EEEA
* e *
Research and technology acquisition
Technology development

| Technology validation

Demonstrators Prototypes

?
- Fundamental knowledge :

| Protluct definition
3 " Clean Sky . 2
éj'c S ” ElProducl design and development
: * FUTURE SKY - i
* x SESAR  Product demonstration

: Production

s oms > s
1l,--‘,l‘-,_i!ﬂ--‘-ﬂ-—

FSS Final Conference — “FSS on final approach”, 6-7 November 2{!1H?Euroconlml HQ, Brussels T

x * * * %

* FUTURE 5KY * EQEA
* B *
Achievements 2014-2017

R
Policy level Clean Sky “WFUTURE SKY
o Initial positioning of Future Sky at “N+2” m‘m M.....:im Gereaten

o Promotion of “Joint Research Initiatives”

o Identification of 4 major challenges

Operational level (programmes & projects)
o FS Safety supported by the EC as a JRI (2015)

o FS Noise a more inclusive strategy (2017)

o ANIMA (EREA labelled, impact)
o  ARTEM (EREA labelled, technology) _ t\
¢ RUMBLE  (EREA compliant, supersonic) QNIMQ 8! @T_EM RUMBL&

FSS Final Conference - "F55 on final approach”, B-7 Movember 2018, Eurocontrol HQ, Brussels 8
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Current developments (2018 — 2019) ot

Proposing new innovative RIAs in line with the EC WP and FS priorities
o FS Energy MACBETH

“Multidisciplinary And Collaborative Boosting of Electric Thrust for Hybrid-electric aircraft”

o FS Energy IMOTHEP

‘Investigation and Maturation Of Technologies for Hybrid Electric Propulsion”

o FS Noise & Energy DELPHINE

Distributed ELectric Propulsion integrated tecHnologies - pollutiNg Emissions reduction”

Contributing to a shared vision of EU Research priorities with roadmaps

'

GARe ||

| Coopevanon in Aviation Research

®

L—Jll
FSS Final Conference — "FSS on final app! ", BT 2018, ol HQ, ]
. ** %
* FUTURE SKY * EREA
*

“*"  The Future of Future Sky

Enlarging and updating the scope with new challenges
Pending talks are considering several options which ought to be discussed and considered with
other key players

o Security for Aviation
o Circular Aviation
o Mobility (under consideration)

Enlarging and updating the role of Future Sky

o Roadmaps, a positive momentum for Vision and Competitiveness

o Educational and Training initiatives likely to be fostered for Knowledge and Attraction
o “Let my people know” — Need to raise further awareness about Future Sky

Adapting Future Sky in the renewed context of Horizon Europe
o Reconsidering Future Sky to match the expectations of the forthcoming Commission

o Securing a dedicated governance for upstream research oriented onto disruptive and
applied bottom-up ideas

FSS Final Conference — "FSS on final app! ", BT 2018, ol HQ, 10
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More than ever, Future Sky intends remaining ....

the Joint Research Initiative for
green and seamless air mobility

FSS Final Conference - "F55 on final approach”, B-7 Movember 2018, Eurocontrol HQ, Brussels 1

* ¥ %

* EREA
* o *

thank you for your attention
v.erea.orgqg
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Appendix B.4 “Welcome and introduction: Future Sky Safety.
Programme Overview” — Michel Piers, NLR

- * *vy
s * FUTURE SKY

*** SAFETY

FSS on Final Approach

Program Overview

Michel Piers, NLR

SAFETY | FUTURE SKY 7 November, 2018
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Future Sky Safety in a nutshell

e H2020 —Coordinated research & innovation for aviation safety

® EREA Future Sky Initiative
® Two main activities:

1. Research into specific safety topics
2. Research coordination

® 33 partners —research, industry & academia

e Duration: ZZ¥menths 54 months

® Budget: 25M€ budget (15 M€ EU)

x * > Connecting to European Safety

* FUTURE SKY :
* X SAFETY Strategies
GOAL 2 =4
The European ATS op Weather and other hazards from the  °,
through interoperable and networked i are precisely evaluated !
and risks are properly mitigated !

‘
The European ATS has less than one accident per ten million
systemns allowing manned and unmanned air

'
'
! commercial aircraft flights L J
\ wvehicles to safely operate in the same airspace
' - g (% J [
i A
New Solutions for todays's Strengthening the Building ultra-resilient Building ultra-resilient
accidents capability to manage risk systems & operators vehicles
P4 P5, P6
P
p— —_— e
HUMAN EMERGING

ISSUES

OPERATIONAL SYSTEMIC
PERFORMANCE

ISSUES ISSUES
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View
FUTURE
SKY
SAFETY

projects Project #1
COORDOINATION OF
INSTITUTIONALLY
FUNDED SAFETY
RESEARCH

Project #4 Project #5

TOTAL SYSTEM RISK RESOLVING THE
ASSESSMENT ORGANISATIONAL
ACCIDENT

180

Number of PhD Thesis

6.000

Number of Publications

Project #2

DISSEMINATION
EXPLOITATION AND
COMMUNICATION

Project #6

HUMAN PERFORMANCE
ENVELOPE

P1 — Research Coordination

* *vy
* FUTURE SKY

*** SAFETY

Project #3

SPECIFIC SOLUTIONS
FOR RUNWAY
EXCURSION ACCIDENTS

Project #7

MITIGATING THE RISK OF
FIRE, SMOKE & FUMES

x*

* FUTURE SKY
* % *

SAFETY

5.000

Employees in aeronautics

€ 0,5 Bln

Annual research budget
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P1 Research Coordination % FUTURE Y

® Develop and share Awareness of the content,
results and ambitions of the institutional RE
programmes in safety (Document & platform)

"

.
* FUTURE SKY
v % SATETY

e Coordination of institutionally funded research
of the participating Research Establishments in
field of safety (Aviation Safety Research Plan)

e Cooperation in newly initiated institutionally
funded projects (incl. cooperation agreement)

SAFETY | FUTURE SKY 7 November, 2018 | 8

*

P1 — Results * FUTURE SKY

Monitoring of institutionally funded RE research activity:

e 2000 person months (30 M£) per year in safety research

Coverage of Skybrary Categories

»*
# FUTURE SKY
* o sarery

Institutionally funded sataty research
activities

Enhancing safety
Operational issues
Human performance

Weather

P
Lioabs e, b W Visteges Stebe B, Mo
[

Safety regulation

Fire, smoke & fumes # of projects
1
. ; }
0 5 10 15 20 25 30 35 40
SAFETY | FUTURE SKY 7 November, 2018 | 9
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P1 — Results

Human Performance

—— |

leing

Climate phenomena

——
Human factors training _

Performance modelling . # of projects

] 5 10

SAFETY | FUTURE SKY

P1 — Results

Decline in stand-alone activities

Turbulence

Other Wx phenomena

* *vy
* FUTURE SKY

Tendency for more international research consortia

50-

40- ”'“"”"

=30_ "'“N
20~

TEln I Niaa

stand-alone activity
national research consortium

national industrial consortium

SAEETY EUTURESKY SKYbrary Type of consortium
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P1 — Results + FUTURE SKY

3 General Coordination Workshops (with nearly 100 scientists)

14 Workshops / Meetings organised on specific topics

8 cooperation projects running or already finished

225 PM of institutional cooperative safety research outside EC funding FSS

Exchange of personnel between multiple Research Institutes

Resulting in Coordinated Institutional Activities

2015 and
ongoing

= DLR-ONERA: = DLR-ONERA: = CEIIA, CIRA, DLR,  =CIRA, DLR, INCAS  +5mall —
HOTAS Modellirl'g of :DVESJLRSG?;EM ??NEPMR: i a:]t:tn_or:%us 2" Future Sky Safety
» DLR-ONERA: operator’s : Y ‘clcanic asl electric i .
ADAWI ir . in «CEIIA, CIRA, DIR,  »Advanced flight Coordination Workshop at ONERA
+DLR-NLR: multiple *DLR, NLR, ONERA,  aircraft design INTA, NLR & envelope
works CIRA: Aircraft and operations ONERA: Remotely protection
Wake Turbulence = CElIA, CIRA, DLR, Piloted Aircraft «Human
» DLR-CSEM: NLR & ONERA: Systems (RPAS) Performance
Human Helicopter safety safety (excl. ATM) envelope
Performance = CIRA, CSEM, DLR, = CEIIA, CIRA, » Mitigating the risk
Envelope in the INCAS, INTA, CSEM, DLR, of fire, smoke and
ATC Context ONERA & VZLU: INCAS, NLR, fumes
{cing ONERA B VZLU: , gemotely Piloted
+CIRA, DLR, INTA, Health monitoring  aircraft Systems ‘ L
NS ONERA-. (RPAS) safety A e .
Remotely Piloter excl. ATM
Aircraft Systems ! . 3+ Future Sk‘!" Safety
[RPAS) safety i
iipran Coordination Workshop at NLR

SAFETY | FUTURE SKY 7 November, 2018 | 12

SAFETY

P3 Specific solutions for runway e sy
excursion accidents |

@ The European Action Plan for the Prevention of Runway Excursions
(EAPRRE) has identified research needs to further reduce risk:

1) Flight mechanics of slippery runway ops in crosswind,
2) Impact of fluid contaminants on stopping performance,
3) Advanced methods to monitor risk factors in flight data.

* Other than ROPS

CIRA
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SAFETY

P3 Objectives

e Improve methods for analysing aircraft ground control on slippery
runways under crosswind;

e Quantify impact of water/slush covered runways on braking
performance for modern tires and anti-skid systems;

e Develop new methods to identify veer-off risk using operational
flight data;

e Explore new concepts* for prevention of excursions and reduction
of consequences of runway excursions.

* Other than ROPS

SAFETY | FUTURE SKY

& *
* FUTURE SKY
* % *

SAFETY

P3 Main Results

* Identification of shortcomings in aircraft
ground models

* Real tests on wet/flooded runways (yawed
tyre, Citation, Airbus A400)

* |Improved models for braking performance

* New algorithms to analyse flight data for
runway veeroff risk factors

* New Concepts (CLAS, CORSAIR)
* Several results ready for application

SAFETY | FUTURE SKY 7 November, 2018 | 15
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P4 ot system risk assessment WTURAY

® Adequate means for safety risk assessment and safety

performance monitoring of large, complex and dynamic systems
of sufficient accuracy and depth not yet available.

® Project builds on progress made in several programs (ASCOS,
EUROCONTROL IRP/AIP, FAA-ISAM, ASIAS, CATS-NL) and could
develop knowledge in support of DatadSafety initiative.

Structuring of Feed into integrated risk Acquire
safety data assessment framework safety information

FDM data ?ﬁé%_ — ,;‘

Occurrence data

[
Exposure data ocs .
t" ao ( @ .

FUTURE SKY SAFETY 7 November, 2018 16 |

& *
* FUTURE SKY
* % *

SAFETY

P4 Objectives

® Develop a risk assessment framework that integrates risk
assessment models from different domains.

e Develop a prototype risk observatory as an enabling tool for
safety management:

v

Identify business requirements

» Define user, functional and system requirements
Develop preliminary architecture

Develop early “look-and-feel” prototype

v

Y

e e —] ]
> Stakeholder review of early prototype - ——
» Deliver first total aviation system risk picture

.............

SAFETY | FUTURE SKY
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P4 — Main results

» Developed the business model for a risk observatory with stakeholders
» Developed integrated risk assessment framework
» Delivered the RE (Runway Excursion) and MAC (Mid-Air Collision) backbones models
» Integrating building blocks into a Proof of Concept Risk Observatory:
= Providing an integrated (aviation) risk picture
* Showing the contribution to risk from several domains
= Supporting the safety impact assessment of changes within several domains

(full implementation, maintenance and operational use are beyond program horizon)

o ; Fead into integrated User:
Gather kg of rigk igsesmant Analyst
salely data . satety data _ framework «?me\s: ::f‘::;ﬁ\lo‘mam Manager - * y
— e Do * FUTURE SKY
Gocurrence data | = T t** SAFETY
Expasure daty =
w® if
- -
w e
Adcpilre ’ -]

SAFETY | FUTURE SKY 7 November, 2018 | 18

*

P5 Resolving the organizational CFUTORE sKy

SAFETY

accident

* Many accidents in
complex systems o Sa
have their roots in i o EXECUTIVES
organisational 1 gl T
factors.

“ MIDDLE

*  With increasing cost MANAGEMENT

pressures, more agile
business models,
new entrants...

*  How do we support
aviation
organisations in
managing this source
of risk?

FUTURE SKY SAFETY 7 November, 2018 19
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P5 - Objectives

Develop Safety Intelligence at the Top

Consider how Safety Dashboards are utilised m

Pilots are too often flying when tired

Begin Safety Intelligence for Middle Managers — |sssmmmsmm s
Develop and test Safety Mindfulness Concept
Conduct safety culture surveys

Develop Agile Response approach

Integrate these concepts into an an
organisational risk management capability
within the SMS framework

FUTURE 5KY SAFETY 7 November, 2018 20 |

*

*
* FUIURE SKY

* SAFETY

P5 Main Results .

A Portfolio of Tools for Organisational Safety Management

» Safety Wisdom

 Safety Dashboard i
" EXECUTIVES

* Safety Blueprint

» Safety Dashboard

» Agile Response

» Safety Culture

= Safe Performance Systen

./ MIDDLE
% MANAGEMENT

Safety tools for every actor in your organization

R
Vi M

5y,

* Safety Culture
* Safety Stack
* Mindfulness App
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P6 Human Performance Envelope R R
Objectives

® Develop definition of the Human Performance
Envelope

® Conduct preliminary experiments to select and
assessment of physiological sensors and fine-tune
simulation scenario’s

® Conduct flight simulator experiments to validate
the HPE and physiological measurements and to
identify performance decrement limits

® Determination of recovery measures

@ FEvaluation and validation of solutions for
augmenting the envelope

FUTURE 5KY SAFETY

P 6 R e S U | t S Ry umu-:::nmm

monitering

e HPE concept defined

® Sensors selected and assessed to measure the HPE

e First flight simulator experiments conducted in an
A320 full flight simulator:

» HPE concept validated

» Sensors validated

» Competency evaluation tool developed and applied
to assess situation awareness, problem solving and
decision making of the pilots

» Cognitive walkthrough performed to analyse
mental representation of the pilots before, during
and after a critical situation

» Necessary recovery measures determined

SAFETY | FUTURE SKY
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P6 Results

e New HMI developed based on results
and analyses of first flight simulator
experiments

e Second flight simulator experiments
conducted in the Avionics 2020
Cockpit Simulator

e New HMI validated

SAFETY | FUTURE SKY 7 November, 2018 | 24

P7 Mitigating the risk of fire, smoke  <riflesky
& fumes

Objectives

e Understanding and characterising the fire
behaviour of primary structure composite
materials.

® Improving material solutions to mitigate fire,
smoke and fumes in the cabin environment.

e Study the effects of new materials, technology
and fuel systems on the on-board air quality

FUTURE 5KY SAFETY
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P7 Main expected results

@ Contribution to test standards and new test
protocols

® Sharing of experimental data and scientific
results for future modelling purposes
(expensive tests)

e Establishing/giving design recommendations

e Methodological guidelines to deal with
onboard air quality issues

Carbon/Polysialate
SAFETY | FUTURE SKY 7 November, 2018 | 26

*

*
* FUTURE SKY
* ok SAFETY

P7 Main Results

@ Contribution to test standards and new test
protocols: BLADE (laser heating), CuFeX
(compression under fire), AFNOR NF X70-100-2
(OBAQ)

e Sharing of original experimental data and
scientific results on T700/M21 for modelling o ——
purposes (development and validation) bl Ginder o

e Screening of new material solutions - —_—
(GeoPolymer resin, natural fibres, recycled S 1\ =
carbon fibers, and combinations thereof) o] =

I - 7%;:
® Developed design recommendations for -E_;‘{L\,\I —= |

dealing with onboard air quality issues T ———
materials (based on AFNOR standard

SAFETY | FUTURE SKY 7 November, 2018 | 27
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Development and characterization of new material combinations for
improved fire behaviour :

bon fabri
Layup of Geopolymer panel carbon fabric

demonstrator with natural
fibres and recycled carbon fibers

recycled carbon fibres

flax fabric

B Phenolic-CF

HER " GP-CF-ArF

[ ]
GP-CF
COgrin F
DS _ Improved FST behavior of

2 ' GP laminates compared to
5 ole \o o ole °.|°
6" o bsg <§\ § \‘@ common phenolic laminates
Carbon fibre GP composite
structure after fire exposure

SAFETY | FUTURE SKY 7 November, 2018 | 28/26

**

* FUTURE SKY

Focus in 2019 on exploitation actions ™"

e \Workshop/trial with airlines & FDM
e Risk Observatory trial with airline
e Safety dashboards for ANSPs

e Smart Vest for real-time physiological

data

e Structural prototype new material

solutions m 7 November, 2018 | 29
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Agenda

Five Technical Sessions Posters & Partnering

/1 . Runway Excursion DAY;\
S Ll |
2. Total aviation system risk prevention [T ; pa it \\f‘ -
and mitigation ' " :
/e \
Poster session & Partnering Event
4 DAY 2) =k | AN
3. Resolving the organisational £ &)
accidents | Poster area
4. Human Performance Envelope ) e

5. Mitigating the Risk Of Fire Smoke &
\Eumes

/

SAFETY | FUTURE SKY 7 November, 2018 10
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*** SAFETY

FSS on Final Approach

Program Overview

Michel Piers, NLR
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Appendix B.5 “P3: Runway Excursions. Risk analysis and potential
mitigation strategies” — Rob van Eekeren, Safe-runway

Rob van Eekeren
www.safe-ruway.com
0031 612590 997

www.Safe-Runway.com

€ i
gem3 Your flight to paradise.....

Weno -Chuuk international airport, PTKK
04-22 1831 meter
Uncontrolled airspace < 5 500’
RNAV and NDB approach

Runway strip: 60 x 70 meters << ICAO SARPS
RESA: None (!) << ICAO SARPS

With an ICAO RESA: LDA would be
* (1831-2x90 )= 1651 meter (st
351 meter (recommended)

7270

Weight penalties for B737-800 wet runway landing

www.Safe-Runway.com
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Your flight to paradise..... .

Weno -Chuuk international airport, PTKK

Q: Why does an airline operate to an airport
well below ICAO standards ?
A Do they perhaps believe that the revenues

supersedes the costs of the runway excursion risk?

Q Why does the airport not provide adequate
mitigations?
A Did they perhaps believe that mitigation is

too expensive?

- $$$ > expressrisk also in §

Air Niugini
22-09-2018
B 737-800

Destroyed

Accident costs estimated at: $ 102 Million (Purchasing power corrected); 1 fatality

Overrun Recommended RESA or EMAS would have safely stopped the aircraft
Underrun Recommended RESA would have prevented the high damage.

Does accepting continuous none-ICAO adherence justify the additional risk?

-Runway.com
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g3 Runway related events risk in costs

2600 Runway events 2015_20 18 YTD 7 Annual total runway accident costs 2015-2018

Average $ 500 Million / Month

2015 CUMULATIVE
—016 CUMULATIVE

2007 CUMULATIVE

Global, All types, All aerodromes

—00E CUMUAATIVE

= = Uinear (2018 CUMULATIVE]

Purchasing power corrected,
underreporting not compensated,
estimates are conservative

$ 6.5 Billion

. 2016 $ 6.2 Billion

o kSt e, o Cotr 2017 $5.48Billion
2018 1 Nov $ 6.2 Billion ($7.3 prog)

www.Safe-Runway.com

e Runway excursion risk costs (4 years)

2015-2018 runway event costs per 4 year period ( in Million $)
type of event (Purchasing power corrected; all types; all regions):

Incursions: $0200/ $ 50/yr

:'Jnden:m Underruns: $1600 / $ 400/yr
/eer-o

=Overrun Overruns : $4800/$1200/yr
Incursion

e kricWH Veer offs: $9900/$2500/yr

Annual tota costs

2017 2018 prog 2019

www.Safe-Runway.com
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Runway excursion risk costs

2015-2018 runway event costs per type
Underrun of event

10%

Billions

Underrun
Veer-off

5 i Overrun
eer-ol
56%

s [ncursion

Annual tota costs

Unknown
2015-2018 distribution in
/excursion costs

Veer-offs highest costs and Rising......

www.Safe-Runway.com

em3 How toreduce the runway event costs?

What is the highest What are the costsof > Whatis the ROl and
risk / costs? mitigations? best cost-benefit
equation?
Reduce numbers
Runway overruns
Reduce Risk of

Runway
damage

underruns Negativ
Returns

Never gut here.

Runway
incursions

notget a rotum
for your eflot,
you decrease
your overst
output!

(Overad qualty of wark, otal work created, elc)

2

Total Input
(Time, effor. esourcas imestoc)

© ParsonalExcetance.co

www.Safe-Run way.com
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Reducing runway events RISK

www.Safe-

Probability - Point of

Maximum Yield

Fewer tools

available.

Negativi
Returns

Never get here.
Not only do you
not get a return
for your effort,
you decrease
your overall
output!

Increasingly

Probability
Total Output
(Overall quality of work, total work created, etc)

Here, yourinput Ig pput leads to
productive returns; g rate of
1o invest fore {me, jestto stop
effort. g within this

more

challenging.

Mitigation

Law of diminishing costs rise. — p’m
. . n|

returns = limits $ mﬂ{‘mmmmm

© PersonalExcellence.co

\
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*

Reducing runway events RISK

| Severity > Hardware Point of
Point of Maximum Yield

Adherence to
current SARPS
Go BOYOND
Cost effective

Negativi
Returns

Never get here.
Not only do you
not get a return
for your effort,
you decrease
your overall
output!

>
‘—l/ Total Input
53 Sz (Tlmptﬂ, resources invested)

© PersonalExcellence.co

1
1
1
ind
1
1

- =EredHgs

Here, yourinput leads to Each added input leals to
productive returns. Itbays a decreasing rate
1o invest more tire, output. It's best to s
effot. 1 somewhere within this
phase.

Prabability

approach

(Overall quality of work, total work created, etc)
CEE RN

Avg. > substantial damage

Severity
Marginal Moderate Critical Catastrophic
(2) (3) (4) (5)

Severity
Negligible Moderate Critical | Catastrophic "“J("l‘;"’"
(1) ( (3) (4) (5) =
Almost Medium
certain Heé-;m teg;ln )
()
Likely Low
(4) 4)

Likely Low
@) “

Possible Low
@) [©)]

Probability

Possible Low Medium
(3) @) @

Probability

Unlikely Low

v [ ; o | o | ae

Rare Low
(6]

Ra b3 Low o
o] oo & 0 L]

Reducing likelihood at unlikely events is very challenging y of high damage events could be effective
and increasingly cost in-efficient
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Overruns

Aircraft Aerodrome
» Undercarriage construction (very > Runway strip: (size, bearing
strong) capacity and friction).
Soft tires and large wheels > RESA: (size, bearing capacity and
(tractor) friction).
Engine mounting (high, above » EMAS

wings) Shall already be i.a.w. ICAO 14 >
» Cage construction (car safety) achievable!

Highly unlikely for CAT ops. Risk flexible cost effective-> Option

www.Safe-Runway.com

€ ra

g3 Examples successful overrun mitigations

Runway end safety area (RESA).

An area symmetrical about the
extended runway centre line and
adjacent to the end of the

strip primarily intended to reduce
the risk of damage to an

aeroplane undershooting or
VTSB B747-4 Oct 2018 overrunning the runway.

Adequate runway strip & RESA EMAS

ICAO annex 14 KLGA B737-7 Oct 2016,
vice president (elect)
Pence.
Future new systems?

www.Safe-Run way.com
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Veer-offs

Aircraft Aerodrome

» Undercarriage construction (very > Runway strip: (size, bearing
strong; Russian military) capacity and friction).

Soft tires and large wheels (e.g. Should already be i.a.w. ICAO annex
tractor) 14 or better = achievable!

Engine mounting (high, above
wings)

» Safety Cage construction (cars) > New legal framework ? (cost
Highly unlikely for CAT ops. effective risk management)

» Alternatives for runway strip

www.Safe-Runway.com

€ _ )
e magine a future with:

Centerline Causal
deviation factor
results analysis

Big data
analysis

www.Safe-Runway.com
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Imagine a future with:

Centerline
deviation
results

Big data
analysis

www.Safe-Runway.com

Aircraft opera

Causal
factor
analysis

Veer off
HOTSPOTS

Aerodrome
operator

Imagine a future with:

Centerline

Big data deviation

analysis

results

Aircraft op

Causal
factor
analysis

New, to be
developed

Bearing
capacity and
size runway

strip

Energy

Veer-off
likelihood
reduced

Veer-off
hotspots
identified

Veer-off

hotspots
Bearing mitigated
capacity and
size runway

Energy

Veer off
HOTSPOTS

Aerodrome
operator

Veer-off
severity
reduced

www.Safe-Runway.com
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Principle center line deviation

Runway strip reduction risk of damage

A deviation on to the runway shoulder should be
regarded as an incident; lessons learned needed.

The runway strip < 75 meters from centerline
should be re-enforced to assure a high bearing
capacity enabling risk reduction and adequate
controllability to aircraft veering off.

Runway exits and entry's should not pose an
extra risk of damage for aircraft running off (no
sinking in).
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Example: Trabzon:
Veer-off severity and Risk is extremely high

CAT operations to these types of aerodromes should be
postponed until the aerodrome has provided adequate _
HOTSPOT mitigations. ............ :

www.Safe-Runway.com

e (Potential) veer off mitigation for runway strip.

» New product (GEMSS) by consortium
» Low price per m2 allows cost effective runway
strip improvements.

» Low carbon footprint, excellent drainage, reduces wildlife
hazard, improves controllability of veering off aircraft and
reduces risk of damage, not same performance as an EMAS

Thus: cost effective alternatives are available for RESA and for runway strip safety

What is restricting these type of mitigations?

www.Safe-Run way.com
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Dissemination, exploitation and communication

FSS_P2_CIRA_D2.14
Public

The KEY ISSUE:

2015-2018

Runway COSTS

Human
5% ¥\ Aircraft
\ operator

68%

www.Safe-Runway.com

Aerodrome
operator
ZH,‘

* *vy
* FUTURE SKY

*** SAFETY

Why would an aerodrome operator,

even with an inadequate runway

strip or RESA, invest in runway

safety when the (financial) risks are

very limited for the aerodrome?

€3 XXRA; wind Variable 25ktsG30

www.Safe-Run way.com

CIRA

Status: Approved

Active system

Speed limiter

Cruise control

Oncoming Lane Mitigation
Lane Keeping Aid

Brakes with Hill Start Assist and Automatic Hold

Hill Descent Control

|High positioned rear brake lights

Intelligent Driver Syslem

Steering wheel remote control

Road Sign Ir

Voice control

Passive systems

Dual-stage airbags, driver and front

Knee airbag driver side

side impact protection system

Inflatable Curtain

whiplash injury protection system

Belt minder all seats

Safely belts with pre-tensioners and load limiters
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[ ] _
——— Conclusions

»OVERSIGHT
»Not all RESA or runway strips are to equivalent to ICAO SARPS
» Some even increase the risk of damage rather than reducing it
» Which is apparently acceptable for a number of CAA's.

»SMS

»Aircraft operators operate to these aerodromes, despite the
increased runway excursion risk and thus its accidents costs.

»RISK 8000,0 §

6000,0 $

Millions

»The law of diminishing returns set limits to the likelihood
reduction. Asa result will the risk of runway excursions SLnk:
increase . 2000,0 $

0%

»An objective cost-benefit approach could help. SrEnEraEa T

www.Safe-Runway.com

. : &
——— Conclusions & recommendations Overruns

» Overruns; $ 1.2 B/year. (all types)

» RESA size and bearing should become coherent with the type of
operation.

Eg. 3000 meter runway with STOL aircraft : No need RESA

Eg. 1800 meter runway, B737-A320 operations: 60+240 meter
RESA with ++ good bearing capacity

Eg. Same and terrain / wx issues: 60+ >>240++ meters RESA,
+++ good bearing capacity and improved friction.

> -OR- adequate mitigation such as EMAS or equivalent system(s).

» Cost-Benefit apprach to mitigation(s)

www.Safe-Run way.com
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Costs S 2.5B/year....and rising...

Veer-off risk reduction shall become highest priority of runway

safety.
Systematic and joined approach required, stimulated by Authority.

Task force suggested.

www.Safe-Runway.com

——— Conclusions & recommendations Veer-offs

Reducing numbers:

(Big) data analysis for likelihood and location
Weather and aircraft controllability analysis
Aircraft operator related

a)  On board systems technology

b) Training, SOP’s, limits, etc.

Aerodrome operator related: HOTSPOTS
Cost / benefit of mitigation(s) analysis

www.Safe-Run way.com
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Reducing severity:

Improve off-runway controllability
Extended runway shoulders principle
Bearing capacity improvement (75 meters)
Water drainage improvement

Improved risk of damage reduction (risk orientated)
Flexible runway strip size
Flexible bearing capacity (increase near in ground
obstacles)
In pavement obstacles mitigation

Cost / benefit of mitigation(s) analysis

www.Safe-Runway.com

: : .
——— Conclusions & recommendations cost-benefit

» COST EFFECTIVE

» Disproportional risk distribution between aerodrome and
aircraft operators blocks cost effective mitigations.

An objective cost-benefit system should indicate the ALARP
limits of the various runway risks mitigations.

An EU or national safety fund (e.g security charges) (fuel tax?)
should be established, stimulating cost effective runway safety
improvements benefitting all EU/national passengers and its

aviation sector as a whole.

www.Safe-Runway.com
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——— Conclusion and recommendations

@) Make runway veer-off risk reduction the highest priority.

(2) Establish TASK FORCE veer-off risk reduction.

(3) Research on big data analysis for veer-off likelihood indication.

@ Develop system to identify veer-off HOTSPOTS.

(5) Develop system of objective cost-benefit analysis of mitigations.

(6) Solve disproportional issue of aerodromes costs versus.
aircraft operators cost in runway excursions, which blocks cost

effective mitigations. (E.g. common runway safety fund).

www.Safe-Runway.com

Risk analysis and potential mitigations

Questions / Suggestions / Discussion / Debate ?

Rob van Eekeren

robvaneekeren@safe-runway.com 0031 6 12590 997

www.Safe-Runway.com

Appendix B.6 “P3: Overview of the project and technical results P3:
prevention of runway excursions” — Peter van der Geest,
NLR
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*** SAFETY

Overview of the project and technical
results P3: prevention of runway excursions

Peter van der Geest, NLR

SAFETY | FUTURE SKY 7 November, 2018

*

*
* FUTURE SKY

N
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Landing overrun, Milan Bergamo , Aug 5th 2016

SAFETY | FUTURE SKY 7 November, 2018 | 3

*

*
* FLI‘IURE SKY

** SAFETY

Background

O European Action Plan Prevention of Runway Excursions
provides recommendations to reduce runway excursions
in Europe;

(] Action Plan also identified areas were research is needed
to further reduce runway excursion risk;

O Project P3 Prevention of Runway Excursions addresses
some of these areas.

7 November, 2018 | 4
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Objectives P3 *

1. Improve methods for analysing aircraft ground control on
slippery runways under crosswind;

2. Quantify impact of water/slush covered runways on braking
performance for modern tires and anti-skid systems;

3. Develop new methods to identify veer-off risk using
operational flight data;

4. Explore new concepts for prevention of excursions and
reduction of consequences of runway excursions.

SAFETY | FUTURE SKY 7 November, 2018 | 5
1. Aircraft ground control on slippery e

*

Runways under crosswind

QO Exploration of shortcomings in aircraft ground models;

O Tests with aircraft tyre on wet/flooded surfaces under
yaw;

O Analysis of aircraft aerodynamics under high side slip
angles;

0 Comparison of desktop simulation models with full
motion simulators experiments for different crosswind
and runway conditions.

SAFETY | FUTURE SKY 7 November, 2018 | 6

CIRA Status: Approved Issue: 2.1 PAGE 91/327

This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR.
Future Sky Safety has received funding from the EU’s Horizon 2020 Research and Innovation Programme, under Grant Agreement No. 640597.



*
Project Dissemination, exploitation and communication * ')

Reference ID: FSS_P2_CIRA_D2.14 * FUTURE SKY

Classification: Public * * * SAFETY

*

*
* FUTURE SKY
* = *
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Example: yawed tyre tests

Large test vehicle

_ VV\:

Testing on flooded surface

SAFETY | FUTURE SKY

7 November, 2018 | 7

*

*
* FLI‘IURE SKY

* SAFETY

Aerodynamics under high side slip *

0 Important for crosswind landings;
O Mainly simulations;
O Limited analysis of experimental data.

SAFETY | FUTURE SKY 7 November, 2018 | 8
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2. Braking performance on flooded runways ** ™"

QO Inventory of current knowledge and test data;

QO Flight tests conducted on flooded runway with a Citation
and A400M aircraft;

U Exploration of improved models for braking performance
on flooded runways.

SAFETY | FUTURE SKY 7 November, 2018 | g

*

*
* FUTURE SKY

* * SAFETY

Tests with Citation and Airbus A400M .

——

7 November, 2018 | 10
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EASA AMC & FAA AC methods — Citation ™" ™

0.25
I g i o O Testdata
EASA AMC
015 -+

Howet

0.10 |

005 |
oo T |
0 20 40 60 80 100 120 140
Speed (kts)
|11
**
* FUTURE SKY

* SAFETY

Example improved model in P3 - Citation ™

0.60 -
O Testdata Citation

0.50 41 | =—JAAWG extended method |
0.40 N

30.30

0.20

0.10

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Ground Speed (kts)
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CIRA

Lateral deviation [m]

Lateral deviation [m]

* *»y

*

3. Methods to identify veer-off risk using = .«>
operational flight data o

SAFETY

U Analysis of historical veeroff accidents;

U Development of several algorithms to analyse flight data
for runway veeroff risk factors;

L “Real” operator data used to test developed algorithms;
O Application of machine learning techniques.

U FDM workshop: Runway Veeroff Risk Monitoring Tools

SAFETY | FUTURE SKY 7 November, 2018 | 13
Example: Touchdown dispersion e
gL
3 *
and ground trajectory
Location at touchdown
50 T T T T T
50 I [ L L I
(1] 500 1000 1500 2000 2500 3000
Location at rumwy [m]
Location at 60kt
50 T T
Examples of "swerving” landings at Krisiansand
40
o 50 7000
E aof
]
fl= ==
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40
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Example: Effect of crosswind on o

*
* FUTURE SKY
i - " " * ok SAFETY
lateral deviation for regional jet
At touchdown At 60kt groundspeed
20 v T 20 T " 3
151 15F
10 10
g 5 g 5f ’
z : ;
= 0 £ of .~
s g
LI O 5.
-10F E -10F
-15} -15
-20 - .30 s "
-10 -5 0 5 10 -10 -5 0 § 10
Lateral devation [m] Lateral deviation [m]
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SAFETY

4. New concepts for excursions risk reduction’

QO Inventory of current developments and new initiatives;

O Feasibility study and definition of R&D needed for
implementation of new concepts;

[ Assess impact of the new concepts on reducing
excursions.

SAFETY | FUTURE SKY 7 November, 2018 | 16
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Example result: Crosswind Landing s
Assistance System” (CLAS)

SAFETY

Steerable main landing gear and CLAS implemented in
A320-simulator

30

(5]
[=]
T

-
o
T

cts crosswind

20+ : : —— no assistance system

lateral deviation from RWY centreline [m]
o

—— assistance system engaged

i i L i L 1 1 I 1 i L
%0 0 200 400 600 800 1000 1200 1400 1600 1800 2000
distance after touchdown [m]

Onboard and aircraft based computation .+>
i . **FUIURESKY
of Braking Action *

SAFETY | FUTURE SKY 7 November, 2018 | 17

SAFETY

Report available
through display
1o the pilot

Pilgt FIREP by
unice to Towar

CORSAIR objective Tower report to

Braklr:u nﬂrhn the rﬁni";;“
it from condition

BEREEM
i Repon
ltrplel:;;ll_;nding A tically
tranmitied on Runwary condition
ground snd by awrpon
provided 1o opeations l.-m reporting 1o
aw

oparators (Alrpor
and airlines)

Current runway condition
assessment means
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P3 in summary

O P3 addressed several elements that will help to reduce
runway excursion risk;

U Several results can already be used.

e BEA
SAFETY | FUTURE SKY 7 November, 20;; | 19
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Contaminated Operations Analysis:
Challenges and Opportunities for Large
Transport Aircraft

6! November 2018

s
* FUTURE SKY

Sara Lagunas Caballero : *
Aircraft Performance o *

SAFETY

@ AIRB

DE FENCE & SPACE

Confidential

Putting things into context
« The characterization of braking friction on water-contaminated runways is one of the main objectives of
Future Sky Safety P3.

« The ulterior target is to provide evidence for updation current AMC 25.1591 curves, used as certification
basis for contaminated conditions.

+ As part of P3, two analogous test campaigns were carried out on Twenthe Airport (EHTW), in 2016 and
2017.

« Contamination was simulated on a specially constructed 100 m pond facility, filed with water ~15 mm
depth.

= The following aircraft were used:

+ 2016 Campaign: Cessna Citation (NLR)
+ 2017 Campaign: A400M (Airbus D&S and NLR)

@ AIRB
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How was it done for Cessna Citation?

=1

+ Cessna has a single row of tires on the MLG:
— All tires see the same amount of contaminant.

— All tires experience similar braking friction reduction.

* It is possible to derive the braking friction coefficient from
global aircraft loads.

#brﬂking ajc = #bmk[ng wheel

Fyratin

= g MLG

Nose gear Horaking = N
u MLG

— Ny derived from normal loads balance.

= Fyraking uic derived from test campaign philosophy:
Left main gear Right main gear

@ AIRBUS
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Confidential

How was it done for Cessna Citation?

=1

+ Cessna has a single row of tires on the MLG:
—  All tires see the same amount of contaminant.

— All tires experience similar braking friction reduction.

+ It is possible to derive the braking friction coefficient from
global aircraft loads.

.ubraking ajfc = .unmking wheel

Fy brakin
— g MLG
Nose gear Hbraking =

u NMLG

— Ny derived from normal loads balance.
—  Fyraking muc derived from test campaign philosophy:

Left main gear Right main gear
Braked runs: metpre =T =D = Deonea = Froning = Foraking mie
Un-braked runs: M. @ypy =T =D = Degnea = Frouing
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How was it done for Cessna Citation?

"+ Cessnahasa single row of tires on the MLG:

— All tires see the same amount of contaminant.
All tires experience similar braking friction reduction.

* It is possible to derive the braking friction coefficient from
global aircraft loads.

Hbrieafe = Hork wheel

Fork mLe
Nese gear Hprke = ——
i Nyio
— Ny, derived from normal loads balance.
= Fyraking muc derived from test campaign philosophy:
Left main gear Right main gear
Braked runs: M.y =T — D = Deonta — Frouing — Forkmec

Un-braked runs: M. ypy =T = D = Deanea — Frotting

@ AIRBUS

DEFENCE & SPACE
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How was it done for Cessna Citation?

7+ Cessnahasa single row of tires on the MLG:

— Alltires see the same amount of contaminant.
All tires experience similar braking friction reduction.

+ It is possible to derive the braking friction coefficient from
global aircraft loads.

.ubraking ajfc = .unmking wheel

Fy braking MLG

Nose gear Hbraking = N
o MLG
— Ny derived from normal loads balance.
—  Fyraking muc derived from test campaign philosophy:
Left main gear Right main gear
Braked runs: Ay = = Foraking Mic
Un-braked runs: m.ayp, =
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How was it done for Cessna Citation?

=

+ Cessna has a single row of tires on the MLG:
— All tires see the same amount of contaminant.

— All tires experience similar braking friction reduction.

* It is possible to derive the braking friction coefficient from
global aircraft loads.

#brﬂking ajc = #br‘ak[ng wheel

Fyrakin

o g MLG

tase goar #brakmg e N
u MLG

Ny derived from normal loads balance.
= Fyraking uic derived from test campaign philosophy:

Left main gear Right main gear
Braked runs: m. Ay = = Fyraking Mic
Un-braked runs: M, Qypy =
Fbrakin_q MLG = T Oy — ML Apypy ‘
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What about A400M?

Nose gear

Left main gear Right main gear
Tuesday, November 6, 2018 B ? DEFENCE & SPACE
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What about A400M?

Nose gear

Left main gear Right main gear

@ AIRBUS
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Confidential

What about A400M?

Nose gear Nose gear
0
Left main gear Right main gear Left main gear Right main gear
ao 1]
an oo
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What about A400M?

*  A400M has three rows of tires on the MLG:

— Each row sees a different amount of contaminant.

oo 0o CONTA
1] oo
— Each row experiences a different braking friction
reduction.
Nose gear
+ It is NOT possible to derive the braking friction coefficient
from global aircraft loads
Hbrk afc * Hbork wheet
Hbrk wheel front * Hpri wheel mid * Hork wheel aft Leht main gear Right main gear
+ The interest is to obtain ppry wheet frone (first row). 0o i
=
@ AIRBUS
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A400M: Challenge

« It is not useful to work with an horizontal loads balance aircraft level - Need for a new methodology

« Proposal: Work at tire level, applying torque balance around wheel axis.

Ty = Braking Torque
Fyre = Braking Force
N = Normal Reaction
r = Wheel Radius

Tprk = Fpppe- T iy = Tork
brk —
Forie = Hpric « N | N

Fbrk

@ AIRBUS
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A400M: Challenge

« It is not useful to work with an horizontal loads balance aircraft level - Need for a new methodology

* Proposal: Work at tire level, applying torque balance around wheel axis.

Ty = Braking Torque
Fyrp = Braking Force
N = Normal Reaction
r = Wheel Radius

Tork = Fprie- T oy = Thrk
- brk —
F!n'k = Hprk - N L r.N

Is this possible?

Fbrk

@ AIRBUS
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A400M: Challenge

« It is not useful to work with an horizontal loads balance aircraft level - Need for a new methodology

« Proposal: Work at tire level, applying torque balance around wheel axis.

Ty = Braking Torque
Fyre = Braking Force
N = Normal Reaction
r = Wheel Radius

Tork = Fprie- T s Thrk
brk —
Forie = Hpric « N | N

Is this possible?

Fbrk

YES
=
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A400M: Opportunity 1 — Fully Instrumented Aircraft
« For the test campaign, a fully instrumented test aircraft was used.
* As a results, individual measurements of the required parameters were available for all tires.
Ty = Braking Torque - 128 Hz
Fprp = Braking Force - 128Hz
N = Normal Reaction — 128 Hz
r = Wheel Radius
Tork = Fl’n‘k' E i = M
F!n'k = Hbrk - N L sk r.N
F .brk
=
@ AIRBUS
Tuesday, November 6, 2018 15 DEFENCE & SPACE
Confidential
A400M: Opportunity 1 — Fully Instrumented Aircraft
« It has been possible to characterize Braking friction coefficient comparison
Upri = f(GS) at front wheel level on "
highly contaminated (15 mm water)
conditions. i = =
— Results show strong alignment with il x
previous Cessna tests. i 8 p———
i ai . - [83 00
+ Additionally, the combination of * :
“analysis by wheel” methodology and i e
fully instrumented aircraft has led to iz .
further opportunities: | 3 o %o °
50 0 T B0 s o0 100 110 1
— Assessment of inhomogeneities.
— Characterization of aquaplaning speed.
— Characterization of displacement drag.
=
@ AIRBUS
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A400M: Opportunity 2 — Assessment of inhomogeneities

Tests were performed on artificially contaminated conditions (pond where contaminant depth showed
reasonable homogeneity).

-

Nevertheless, naturally contaminated runways are, in general, inhomogeneous.

w1 Al

w2 H B B H I I B
w3 1

wa

POND IN

POND OUT

[ Contaminated
0 wet

CJbry

.

Analysis by wheel (supported, of couse, by a fully instrumented aircraft) allow to tackle these (and other)
inhomogeneities, and lead to a more comprehensive outcome.

@ AIRBUS
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A400M: Opportunity 3 — Characterization of Displacement
Drag

» Results from unbraked runs allowed to
develop a regression model of YeamrRispiscament brag Model
Displacement Drag as a function of:

— Ground Speed (GS).
— Contaminant depth.

+ The use of depth as a regression

il @«
variable has been possible thanks to 4 |
individual wheel instrumentarion. T“ =
0 12 52 ha
q _}\ 3 =
og)o' 11]000 = 3 5
% 9“HI]
® ’
" % 5 1o 15 2 - e
Water depth - mm
@ AIRBUS
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A400M: Opportunity 4 — Characterization of Aquaplaning

» Individual instrumentation on all wheels allowed to study the evolution of aquaplaning, as well as a
more precise acotation of aquaplaning speed.

+ The following graphs show the evolution of slip ratio (1 - M) with GS for A400M front wheels

Gs
(w1 to wd)
— Slip ratio > 0.5 indicates aquaplaning
90 kt: incipient 100 kt: fully developed
80 kt: no aquaplaning aquaplaning (wheel 1) aquaplaning
L2 1N

18 18

o 05 1 15 ] 25 ] 08 1 15 2 25 112
Time since pond entry (5)

Time since pond entry (s) Time since pond eniry (s)

@ AIRBUS
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So... what comes next?
Possible Areas of Future Work & Collaboration

+ The results obtained in this test campaing are indicative, but by no means robust for a consistent
change in the certification basis.

« A great stress has been placed on the assessment of braking friction. Nevertheless, a realistic
assessment of retarding force should also include an appropriate characterization of contaminant drag.

= A strong need for further testing has been identifying, using:

— Longer pond facilities (~ 500 m), which allow for more representative braking times.
— Naturally contaminated conditions: essential for a realistic assessment.

+ The use of a fully instrumented aircraft, equipped with a multi-row landing gear, is crucial for the
success of future campaigns:

— It allows for both wheel-level and aircraft-level assessment.
— It permits results generalization for all undercarriage configurations.
— It leads to more accurate estimations of displacement drag and aquaplaning speed.

@ AIRBUS
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Appendix B.8 “P3: Managing the risk of runway excursionsh”
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> EASA

European Aviation Safety Agency

Managing the risk of runway
excursions

Vasileios STEFANIOROS
EASA — Senior Expert, Aerodromes

Your safety is our mission.

An agency of the European U

» The issue

» |CAO Approach
» EASA Activities
» Next steps

06/11/2018 FUTURE SKY SAFETY Final Conference

CIRA Status: Approved Issue: 2.1 PAGE 111/327

This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR.
Future Sky Safety has received funding from the EU’s Horizon 2020 Research and Innovation Programme, under Grant Agreement No. 640597.



*
Project Dissemination, exploitation and communication * ')

Reference ID: FSS_P2_CIRA_D2.14 * FUTURE SKY

Classification: Public * * * SAFETY

!iﬁThe issue

» Southwest Airlines Flight 1248, 8/12/2005
» NTSB recommendation to FAA

» “Develop and issue formal guidance regarding standards and guidelines
for the development, delivery and interpretation of runway surface
condition reports (A-07-62)"

» FAA initiated the Take-off and Landing Performance Assessment
Advisory and Rulemaking Committee (TALPA ARC)

06/11/2018 FUTURE SKY SAFETY Final Conference

!X-"The issue

» Information on RWY surface condition
» Subjective and based on individual
» No standardized method of reporting
» No actual relation with aeroplane performance data

» Measurements of friction on contaminated runways
by CFME unreliable

06/11/2018 FUTURE SKY SAFETY Final Conference
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»%|ICAO Approach

» |[CAO Friction Task Force (FTF) took over TALPA
ARC recommendations and developed the
Global Reporting Format (GRF)

» Amendment 13-B to ICAO Annex 14

» Amendment 1 to ICAO Doc 9981 “PANS-
Aerodromes”

» Amendments to ICAO Annexes 3, 4, 6,9, 10, 11, 15,
PANS-ATM, PANS-OPS, PANS-ABC

» GRF will be applicable on 5 November 2020

06/11/2018 FUTURE SKY SAFETY Final Conference

»~|ICAO Approach

Table I1-1-5. Rumway condition assessment marriz (RCAN)

» RCAM
o _ » Basis for assessment and
oot reporting
* WET (T Fendy JUIG0H IS CORTES Dy 2y VibGR COmEREN O
W 6D b 3 BOKNG 3 P e

» Used by both runway

U 0 sy ] deps .
s assessors and flight crews
» Provides a ‘common
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»%|ICAO Approach

Runway Condition

Report
I
| ;
Aeroplane performance Situational awareness
calculation section section
RWYCC for each third Reduced RWY length
Percent coverage Drifting snow on the
contaminant for each third RWY
Depth of loose contaminant Treatment
Condition description for Snow banks, apron,
each third taxiway conditions
Nidth of R hich the L
w.dtn‘n. J'W_Y to \a:f.mh the Use of CEME
RWYCC applies
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Y |EASA Activities

» EASA

THE EUROPEAN PLAN / —
AVIATION
SAFETY (o
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) |[EASA Activities

» Horizontal approach
» Objective
» Support pilot’s decision making
» How

» Improve accuracy and timeliness of runway surface
condition — RMT.0704

» In-flight assessment of landing performance at the time
of arrival in line with ICAO — RMT.0296

» Technology — installation of runway overrun awareness
and alerting system (ROAAS) — RMT.0570

06/11/2018 FUTURE SKY SAFETY Final Conference

) |[EASA Activities

» Weak link

» Accuracy of assessing runway surface conditions

» How we want to solve the issue
» Standardized method of assessment based on ICAO
» Specific training requirements for runway assessors

» Improve accuracy of the assessment using
technology

» EUROCAE WG-109 ‘Runway weather information
systems’

06/11/2018 FUTURE SKY SAFETY Final Conference
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% |EASA Activities

» Utilization of CFME on contaminated runways

» Two studies performed by the Agency

» RUFAB — Runway friction characteristics measurement
and aircraft braking

» Use of CFME on dry and contaminated surfaces
» Theoretical models in-place
» Need for field trials to validate

06/11/2018 FUTURE SKY SAFETY Final Conference

)’ Next steps

» RMT.0296
» Publication of Opinion in Q1/2019
» RMT.0704
» Publication of NPA in November 2018
» Publication of Opinion in Q2/2019
» RMT.0570
» NPA published October 2018
» Publication of Opinion in Q1/2019

06/11/2018 FUTURE SKY SAFETY Final Conference
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> EASA

European Aviation Safety Agency

Thank you very much for your
attention

* *vy
* FUTURE SKY

*** SAFETY

Your safety is our mission.

An agency of the European Union

Appendix B.9 “P4: The DatadSafety Programme” — Erick Ferrandez,

EASA
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> EASA

European Aviation Safety Agency

The Data4Safety Programme

Future Sky Safety Conference

Brussels, 6 Nov 2018

Your safety is our mission.

An agency of the European Union ‘_‘::_:' J

‘)" The European Safety Risk Management Cycle

Collaborative work with experts
from Industry and States

Identify safety priorities

Connect safety intelligence with
actions

EASA Safety Intelligence and Performance

CIRA Status: Approved Issue: 2.1 PAGE 119/327

This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR.
Future Sky Safety has received funding from the EU’s Horizon 2020 Research and Innovation Programme, under Grant Agreement No. 640597.



*
Project Dissemination, exploitation and communication * ')

Reference ID: FSS_P2_CIRA_D2.14 * FUTURE SKY

Classification: Public * * * SAFETY

The European Safety Risk Management Cycle

1. Identification
of Safety Issues

5. Safety 2. Assessment of

Performance Safety Issues

Safety
Risk Portfolios

» Process fundamentally
based on Data Collection S

and Analysis 4, 3. Definition and
Implementation Programming of
& Monitoring Safety Actions

EASA Safety Intelligence and Performance

Vision for the future

Data4Safety
/V

1. Identification
of Safety Issues

5. Safety 2. Assessment
Performance of Safety Issues

4, 3. Definition and

Implementation Programming of
& Monitoring Safety Actions

EASA Safety Intelligence and Performance 4
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Feasibility Study (Back in 2015): Overall support of the initiative by the industry

Would you be supportive of a European data exchange
programme that aims at identifying and analysing aviation safety
risks in Europe?

m Fully supportive
» Supportive

With Resenvations

mNot suppnrﬁnm

EASA Safety Intelligence and Performance

|)f‘ Key features of the Data4Safety programme

A voluntary and collaborative partnership amongst all stakeholders

Independent governance to reflect the partnership and
collaborative approach (dual management authorities/industry)

Data Processing Organisation to manage the Big Data solution

Outcome shared for the benefit of the whole community (Risk
identification and analysis)

EASA Safety Intelligence and Performance 6
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Y- Who will be in?

jation stakeholders

A ‘-E‘I.[_{ﬂp@al‘l
Commission
A

\" Aviation
| Authorities

EASA Safety Intelligence and Performance

Proof of Concept Phase

* *vy
* FUTURE SKY

*** SAFETY

» The initial Feasibility Study concluded on the necessity to have a proof of concept

phase before going to the potential full deployment.

» The proof of concept will be done with a limited number of stakeholders and will
enable to confirm the expected benefits while testing the technical and governance

models.

EASA Safety Intelligence and Performance 8
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‘;‘ Objectives PoC phase

Deliver
Safety Issue
fication &
Assessment and

Demonstrate
added-value

performance
measurement

Build Trust

Deliver an efficient

independent
governance

EASA Safety Intelligence and Performance

D4S Founding Members

****

Y7 (3
x ok *
[ | BOEING
- -
-z @ AIRBUS BRITISH AIRWAYS %

AESA

AGENCIA ESTATAL
IDAD AEREA

T measa TEEE gyeca

dgac

5

IBERIA 4 & Lufthansa
.i\i ;_AA RYANAIR

AESA, Airbus, Boeing, British Airways, DGAC France, EASA, easylet, ECA (European Cockpit Association), IAA (Irish Aviation Authority), Iberia, Lufthansa, Ryanair, UK CAA

EASA Safety Intelligence and Performance 10
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Exiert Knowledge

Collaberative Analysis
T ni Platform
' . o Connect Safety
Intelligence with
[ b .2 .
% Flight Data actions
s
ol Traffedana Aviation Experts and .'_
Data Analysts
path BRI /K\
{CCATRY) Safety Reports _—
(occurrences) Big Data Platform
o Know where to look
Weather,
-e and more... See it coming
B g |
L ) NAT e
SR D ATA

Data Technologies

EASA Safety Intelligence and Performance

What do we want to deliver with D4S?

A set of outputs to produce actionable safety intelligence

Directed
Studies

Blind
Benchmarking

Vulnerability
Discoveries

Metrics

EASA Safety Intelligence and Performance 12
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What is D4S implementation roadmap?

A step approach with a Proof of Concept phase to test and demonstrate

Operational Phase
(2020-2021)
Proof of Concept Phase

(3 years) .
[ ]

Setup Phase
(Feasibility Study)

EASA Safety Intelligence and Performance

Thank you

Your safety is our mission

An agency of the European Union

Appendix B.10 “P4: Total System Risk Assessment” — Wilfred Rouwhorst,
NLR
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*** SAFETY

P4 — Total System Risk Assessment

Wilfred Rouwhorst (NLR) and project partners

SAFETY | FUTURE SKY 7 November, 2018

*

*
* FUTURE SKY
* ok SAFETY

P4 - partners

Stichting Nationaal Lucht- en Ruimtevaartiaboratorium (NLR)

Office National d’Etudes et de Recherches Aérospatiales (ONERA)
Centro para a Exceléncia e Inovagdo na Industria Automoével (CEiiA)
Centro Iltaliano Ricerche Aerospaziali (CIRA)

Instituto Nacional de Técnica Aeroespacial (INTA)

European Organisation for the Safety of Air Navigation (EUROCONTROL)
Civil Aviation Authority (CAA UK)

NAVBLEU (NavBlue)

Airbus SAS (Al-SAS)

10. Airbus Operations SAS (Al-F)

11. Thales AVS France SAS (TAV)

12. Thales LAS France SAS (TR6)

13. Technische Universitat Minchen (TUM)

14. Deutsche Lufthansa Aktiengesellschaft (DLH)

15. Koninklijke Luchtvaartmaatschappij (KLM)

©00 S s b=
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*

*
* FLI‘IURE SKY

** SAFETY

Obijectives

* Develop a prototype Risk Observatory (RO) as an
enabling tool for safety management

* Develop a Risk Assessment Framework that
integrates Risk Assessment Models specifically
developed to represent a certain domain

erious

5 (accident/s

8
w
Occurrence Rate (per 1

Number of Occurrence

- dciclent (Rate per 10 M flights) = = = Sericus Incident [Rate per 10 M flights]
SAFETY | FUTURE SKY 7 November, 2018 | 3
*
5 *
We need: * FUTURE SKY
| * % SAEETY
Ol
Risk observatory
WP4.1 g requirements

oo

| &
Pa2 R

Integrated risk
assessment ﬂﬁl
]

framework
WP4.3 gg%@g‘i@ . HH e
il o o S

Prototype Risk

Observatory
Processing presenting
safety data safety information
Safety data Structured
WP4 .4 safety data
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What is a Risk Observatory? i

An enabling tool for Safety Management

SAFETY | FUTURE SKY 7 November, 2018 | 5
o *
* FUTURE SKY
Why do we want a Risk Observatory? " ™"
source: EASA Annual Safety Review 2017
2k
3
. .Non-t.l\.sn MS - F;ta‘l Accident .Ram [pa;.i;l.M nop.;num - IEA-O]I"
m— EASAMS - Fatal Accident Rate (per 10M departures - ICAQ)
FlightPath 2050 goal: The European ATS has less than one accident per ten million
commercial aircraft flights
Aim is to reduce the number of accidents by 80% compared to 2000 taking into account
increasing traffic volumes (doubling ~ each 15 years)
SAFETY | FUTURE SKY 7 November, 2018 | 6
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Why stakeholders want a Risk .
Observatory

SAFETY

*
* FUTURE SKY
* = *

SAFETY | FUTURE SKY 7 November, 2018 | i

*

*
* FUTURE SKY
* = *

SAFETY

Combining Data Sources

ll.\‘

Trusted Data Techniques Applications/Information

Occurrence data Exposure data Risk modelling Prediction Text/Data mining
SAFETY | FUTURE SKY 7 November, 2018 | 8
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Introducing the Risk Observatory
' Feed into integrated User:
Gather Structuring of risk assessment Acquire Analyst
gaf?‘!lyd@fafna t geg'i? safety data framework (models) safety information Manager
rom different sour, =) e —_—

: T Domain:
o~ e Océurre"% FDM data %&_ | = Operator
da{a Radar d‘”a Occurrence data —-EL-D Lo | A ANSP

data . o0% Exposure data ‘. EE.E Manufacturer
Em‘“,‘ﬁpﬂ“g - g OO ‘ ® .- Airport
ydatacts sy ) g ° Authority

B

Bt

Acquire
safety information

The risk observatory will acquire, fuse and structure safety
data and translate it to actionable safety intelligence

SAFETY | FUTURE SKY 7 November, 2018 | 9

*

*
* FUTURE SKY

* * SAFETY

Approach to reach objectives (1/2) '
_Ugd &1

1. Stakeholder Consultation and
desktop research

o it operstors g
Aircraft operators 12 .% ANSPs

ANSPs 10 «% Aircraft manufaciurers
Authorities T =% Aiponts
Akrean i Tachrera L =% Authorities

Airports 4

2. Drafted requirements

3. Translated requirements into an
“early look and feel” RO prototype

SAFETY | FUTURE SKY 7 November, 2018 | 10
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Approach to reach objectives (2/2) '

4. Improve RO prototypes E- =5
- Backbone maodels (RE, MAC, ...) e
- Back end interfaces -
- FDM data

- Other (specific user) data

5.  Technical Verification & Validation of RO prototype
- Model / Risk outcomes/trends
- Requirements

6. User/Stakeholder feedback trials on RO prototypes
(Exploitation Actions 2x): with KLM & with Airbus, +
potentially others ...

7. Prototype RO s/w & User Manuals update

8. Business Model development

SAFETY | FUTURE SKY 7 November, 2018 | 11
| . {FUTCRE K
Achievements till Today ’

Structuring of Feed into integrated risk
safety data assessment framework

Acquire
FDM
o d‘“: - % safety infermation
ceu
rrance data ﬂ?ﬁ
O

S | o _l
@
5

"
AN )

Acquire ‘ ﬁ oe® =
.

safety information

Prototype risk observatory

Research and acquisition of data

Model developments

Total Aviation System Risk Picture 2016 & 2017

Functional design of the Risk Observatory

Framework+Prototype development of RO (incl. MAC, RE models & FDM)

Preliminary Business Model
SAFETY | FUTURE SKY 7 November, 2018 | 12
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SAFETY

From data to infopmation

Structuring of

Feed into integrated
risk assessment

safety data framework
FDM data $
Occurrence data I:I
Exposure data |:|
Weather data etc. ‘ ‘ |:“:|
l, Acquire safety ‘
information
Occurence Risk Dashboard

Dashboard

il

Occurence Drill Down

Dashboard :
.III —m| |
'. i
SAFETY | FUTURE SKY _I|=|:. 7 November, 2018 | 13
e *FLTUEEE‘:‘S\?
Acquisition of Data P o
il P(X)>X_thr |

»  First set of FDM data processed & interfaced -
On RE’s Safety Performance Indicators (SPIs):.
- Short, Hard and Long Landings

=

H_THR

i

EI =20 800

investigation runway overruns (RE’s) investigating runway veer-offs

2000 - Distance touchdown to reaching 80 kis, EDDM, Rumway 261 & EDON, Runway: 251 —

- - 1 % =

- Awom| Aoson)

2

1400 §
E‘ 1200 =0

= 3

400 ®

mm 5 5 10 18 20 =

mudmnaalwumm ms W 8 wwid al touch g s ® 2
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Public

From data to information

Structuring of

* *vy
* FUTURE SKY

*** SAFETY

*

LI‘IURE SKY

SAFETY

*
Feed into integrated

risk assessment
framework

safety data

FDM data
Occurrence data
Exposure data
Weather data etc.

1

Occurence
Dashboard

il

Occurence Drill Down
Dashboard

I. 2 II i
zH l: M.alla.

SAFETY | FUTURE SKY

7 November, 2018 | 15

* *

* FUTURE SKY

RO Developments: Models & Interfaces™™™ ™"

RO INTERFACE BACKBONE MODELS DOMAIN / SPECIFIC MODELS
™ o =)
Safety Indicators o o Y ) oooD
MAC ER S eae oD OOo
— 5 - oo
—= ———— Mainly one to one [0 o [
> D"D_C]'E_E] =5
RWY EXC D@ ) ) )
i oo
b ) [ ]
OC o0 oo gooD
Generic CF = Contributing Factor§"— 525
LY 7 4 39 7 A/
> @ @E e E .- @E :E:E
|nﬂuel‘lcing FactOI’S Mainly many to many

CIRA

- Runway Excursion (RE) model

- Mid Air Collision (MAC) model

- Loss Off Control In-flight (LOC-l) model
= Other models, like CFIT

see backbone model presentation of
Pierre Bieber (ONERA)

SAFETY | FUTURE SKY 7 November, 2018 | 16
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SAFETY
From data to information Feed into integrated
Structuring of risk assessment
y \' safety data framework
G %%E_l"—
Occurrence da@’c Uﬁ'n'_
Exposure dg{ ‘ 00
Weather dajd etc. e o
v
b Acquire safe ‘
s information
24 ccurence Risk Dashboard
ashboard

7

Occurence Drill Down
Dashboard

SAFETY | FUTURE SKY L .:l_ 7 November, 2018 | 17
Risk Assessment Framework ‘e

Example o= RE'MOdeI Feed intointegrated .

risk assessment

RE-model framework

Default values to

be checked with
own/user data

| 4.1 - Excessive 4.6 —No Go Unstable

or unstable around approach
Speeds
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Example G/A High Speed Occurrence .+>-

* FUTURE SKY

Rate and correlated Influencing Factor ™" ™"

Occurrence Dashboard s Occurence Drill Down
Dashboard

~ Go-around due to high speed

2015 2016 2017 2015 2016 2017

SAFETY | FUTURE SKY | 19

7 MAvamhar 2048

_ Tailwind landings

Occurrence rate per 100000 landings
Tailwind landings (%)

o *
Rl
5y A -
Combining risk models
Contributing Factors
(Model Input)
W;:g\ht Incident Accident
A probability probability
Wind
A Incident Model ?

Speed . g Unsitle [ yes | FlOtomdons | oy fauat uchdonn| ves Trunway
d [ S8 "h B N
oy w no "o

Image: IATA
Fl;lt Incident metric
Start of
Braking
2 | <

\ ] [ Y J

FDM data Incident and accident data
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SAFETY
From data to information Fesd Into nfagrated
Structuring of risk assessment
j. :-‘_"i‘ safety data framework
i FDM data ﬁ—
Occurrence data - |:||:_|'DT:|
Exposure data ‘B £1C10
Weather data etc. ' ‘.“_: -

l, Acquire safety

information

Occurence
Dashboard

7

Occurence Drill Down
Dashboard

o
SAFETY | FUTURE SKY :.IL i_:;lL_

Risk Dashboard

e i e

ber, 2018 |21
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RO prototype 1/ T

From “early” prototype (HMI front end only, no models behind) to

=1 First prototype :

R - Risks driven by MAC & RE models and

- Operational data, first SPIs under development
- Available online for partners:

B AR 1A G400 R YR A LA T BT T T JATH G Vel

e 0

€6+ +->E|l!

€esdaa I

.
* FUTURE SKY

Please sign in

D L W 1

Future Sky Safety Home

Home Page

SAFETY | FUTURE SKY 7 November, 2018 22

CIRA Status: Approved Issue: 2.1 PAGE 136/327

This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR.
Future Sky Safety has received funding from the EU’s Horizon 2020 Research and Innovation Programme, under Grant Agreement No. 640597.



*
Project Dissemination, exploitation and communication * ')

Reference ID: FSS_P2_CIRA_D2.14 * FUTURE SKY
Classification: Public * * * SAFETY
* *
* FUTURE SKY
* % * SAFETY

RO prototype 2/

- Available online for partners for Verification & Validation
- Still under Development but intends to allow for:
o Occurrences dashboard
o Risks Dashboard ==
o What-if-analysis
@)
(&)

Home Occurrences Safety Learning ~

Search Dashboard | | o

Learning Centre

SAFETY | FUTURE SKY 7 November, 2018 | 23

*
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Risk Pictures (RP) 2016 & 2017

- Total Aviation System Risk B e
has been defined, composed of i .
Q

- Runway Excursions (RE),

- Mid-Air Collisions (MAC), i

- Controlled Flight into Terrain o s W
(CFIT), T iy O O

- Loss Of Control In-flight Five o i
(LOC-I), ”‘omm 2006, 2007 2008 o) 2000 w1 012 iy Eot s 206

- Runway Incursions (RI),
- Fire, Smoke & Fumes (FSF)

Landing distance modal

- RP contains quantified safety
performance indicators that
measure the actual pro?ress

with respect to main safety
issues o = i 1]
atlly ¢ LLT
SAFETY | FUTURE SKY 7 November, 2018 | 24
CIRA Status: Approved Issue: 2.1 PAGE 137/327

This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR.
Future Sky Safety has received funding from the EU’s Horizon 2020 Research and Innovation Programme, under Grant Agreement No. 640597.



*
Project Dissemination, exploitation and communication * "

Reference ID: FSS_P2_CIRA_D2.14 * FU TURE SKY

Classification: Public * * * SAFETY
o *
**FLI‘IURE 5KY
RO prototype “Using it” N
* v’
* e * SAFETY
User Mame:
Password:
Future Sky Safety @ What i
Home Page
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o *
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* % * SAFETY
Longitudinal Runway Excursion Risk
e
A
Contributing foctors =
v
7\‘\.\\.
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Contributing factors
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RO prototype - Demo
= RO DEMO available after the P4-session
= at the P4 poster presentation area (but only today)
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Preliminary Business Model

» RO intends to be

« Complementary to other initiatives (e.g. Data4Safety)

* Eventually run by an independent organisation within
the European aviation safety system

« Structured to be a centre of excellence for aviation
safety data analysis

« With analysis capabilities significantly greater than
available within aviation organisations

« Of sufficient size to conduct the required tasks and
staffed with highly qualified, experienced analysts in
order to be able to provide better information than
currently available

» Work on business model continues in 2019
SAFETY | FUTURE SKY 7 November, 2018 | 41
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RO Next steps

« RO prototype available & online accessible

* RO+integrated risk assessment framework
Verification & Validation

» First RO s/w version prototype + user interface
description - ready before year ends

« The Exploitation Action is expected to consist

of: O Y /] P
o Trial of prototype at KLM and at Airbus (in 4 15 0,7{_{2
2019) ]5‘]7/3/:;,_
o Check other Stakeholder interest f ¥ 27 2 L 4
o Update prototype according to outcomes 4///-//

» Total Aviation System Risk Picture 2018 ff/ﬂ

o Showing use cases of prototype RO
* Final RO s/w version ready before project ends
« Complete Business Model

SAFETY | FUTURE SKY 7 November, 2018 | 42

CIRA Status: Approved Issue: 2.1 PAGE 146/327

This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR.
Future Sky Safety has received funding from the EU’s Horizon 2020 Research and Innovation Programme, under Grant Agreement No. 640597.



* y
Project Dissemination, exploitation and communication * o~
Reference ID: FSS_P2_CIRA_D2.14 * FUTURE SKY

Classification: Public * * * SAFETY

o *
* FUTURE SKY
* = *

SAFETY

Summary: Why RO?

» Support tool need: acquire safety data and translate it into
actionable safety information

» Tailorable for each Stakeholder individually
» Strengthening the ability to monitor safety performance
» Contribute to reaching < 1 accident per 10 million
commercial aircraft flights:
- More safety information available to organisations
- Support business cases for mitigating overarching risks
- Focus resources on highest risks
- Tackle concerns at interfaces
SAFETY | FUTURE SKY 7 November, 2018 |43
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P4 - Total System Risk Assessment ™

v

To deliver a prototype RO, a Proof of Concept, incl. an integrated risk \
assessment framework, with RE and MAC backbones models.

Providing a full (Aviation) risk picture
Showing the contribution to risk from several domains
Supporting the safety impact assessment of changes within several domains

Finding best ways to visualize data: the quickest route from safety data to
safety information

Y ¥V V¥V V¥V

» Implementation, maintenance and operational use in a real environment are
\ beyond the timeframe of P4 /
Gaiher Structuring of :ﬁ;::::’h’:m Aoculico, A::E;
ra‘ﬂvqm W salaty oA framework {modeis) “‘::’m'umml Manager o *y

**FUTURE SKY

e % SAFETY

Occurrence data
Exposure data

— o
. irpon
A )
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NLR - Netherlands Aerospace Centre
Wilfred Rouwhorst
wilfred.rouwhorst@nir.nl
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In summary

Occurrence data Exposure data Risk modelling Prediction Text/Data mining
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Appendix B.11 “P4: Backbone models supporting a total safety
assessment inside the air transport system” — Pierre
Bieber, ONERA
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BACKBONE MODELS

SUPPORTING A TOTAL SAFETY ASSESSMENT INSIDE THE AIR TRANSPORT SYSTEM

P. Bieber, ONERA and project partners
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SAFETY
Goals
— Propose means
e need:
= to integrate risk models o
developed within various
domains H} l\ukuseamen!wnhln
domains (=]
U
" Integrated risk
9 tO perform What_lf assessment framework
. [}
computation % = J:;Cllzc'?
Prototype Risk
Observatory
- to implement the risk models o et
in the Risk Observatory @ 3,“, O !
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Total Aviation System Risk Models
- Two-step Modelling Approach
- 1ststep: Backbone model derived from IRP (Eurocontrol) and CATS (NLR) models
- 2 step : Risk models developed within domains : ANSP detailed risk model
(Eurocontrol), ATM Ground equipment model (Thales), Airborne system models
(Thales, Airbus)
- Two risks were selected to validate the modelling
approach
- Runway Excursions (RE), Mid-Air Collisions (MAC),
- Other risks were reviewed, No blocking points were
identified
- Controlled Flight into Terrain (CFIT), Loss of Control in Flight (LOCF), Runway
Incursions (RI)
- Fire, Smoke & Fumes (FSF)
SAFETY | FUTURE SKY 7 November, 2018 | 3
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Backbone model - 1/4 I #
Backbone model - Principle "
The backbone model manages in a consistent way T«—
contributors and influencing factors leading to a e
Glol l‘iS 31 - Airborne Collision Avoidance
Imminent Collision to be
avoided
32 - ATC Collision prevention
Separation minima
» infringement to be

prevented

Hazardous SituaTiOI"IS 33 - Tactical Conflict Management

Tactical Conflict to be
solved

35 - Airspace Infringement Management
= 36 - Aircraft Trajectory deviation Management

Mea ns to pfevent error a nd 37 = ATC Trajectory Management
failure propagation Parried Chatice

34 - Traffic Planning & Coordination

Pre-Tactical Conflict
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Backbone model — 2/4 )

Generic Contributing Factors - Elements that contribute B
to the occurrence of a precursor or a barrier failure

* Technical factor (airborne, ground system failure)
* Human factor (flight crew, ATCO, ground operator error)

32 ATC collision prevention

321 PP traffic data
32,2 |NoSTCA alert or provided late
32,3 |Nedetection by ATCo

32,4  |inappropniate (collision prevention] instruct =
i et 32- ATC collision

32,5 |Communication issues - technical airborne

32,6 |Communication issues - technical ground

32,7 |Communication issues - misunderstanding L I 1 1

32,8  |Notime to prevent callision 32.9- Avoidance not Communication Issues | 32.4 - Inappropriate ~collision Ineffective ATC detection
32,9 |Avoidance invalidated by other aircraft mar| fmplemented or invalidated prevention- instruction provided
by ather

I |

32.3-No detection by || Ineffiective Alert or

32.6- Communication} l§32.5 - Communication §§32.7 - Communication ATCo Information
issues—technical issuas - technical issues -
Ground Airborne misunderstanding
[ [ ]
328-Notimeto | 32.2-NoSTCAalert 3”['{';:;?::2"’“
prevent collision or provided late o i
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Backbone model - 3/4 )
-
(i
e —
e m——
Influencing Factors IF =
e me———

adverse conditions that may increase the
frequency of precursors contributing to a
risk

[52-ATC coliwon pravention

| 329 Avoldance not

o inalidated]

IneHective ATC detection

36~ jon | 32.5-C

323 by or
i 2.7 ATCD Infoemation
issues — technical Isoes ~ technical Issises-
tGround Airborne misunderstanding

Ii T
32,2 Mo STCA abert I

1
32,1 Inappeopeiate
328 -fotime 1o 3

prever] colision o peovided ate

inforenation

Flight Crew Fatigue increases | | Low ATC experience increases | | Low Surveillance coverage
the frequency of Flight crew the frequency of ATC human increases the frequency of '
errors errors STCA detection failure ‘
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* Influencing Factors are defined by Attributes, Weight and Occurrence Rate
* Attributes and weights are generic
* Occurrence rates are specific to an organization (e.g. Airline, ANSP, ...)
ATC Experience - -
laval High 1 5%
Medium 1.2 90%
Low 2 5%
Rectified weight = Sum,_,,;,.... (Rate ; * Weight )
* Rectified weight for “ATC Experience level”= 1.23
* Probabilities of influenced contributors are multiplied by the Rectified weight
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Domain Specific Models

— The Backbone manages the interface with domain-
specific safety models.

Airline Operation model
details Flight crew errors

E ;
ATC Operation model details i
ATC human errors —— A
1
1
i
a i
[ I ] _ g e e
el |B ) | b | Aircraft Manufacturer Model
ES 2 ' details |
Ground Equipment . | Airborne Technical failures
Manufacturer Model details e e
Ground Technical failures
(qualitative and quantitative
aspects)
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Implementation in the Risk Observatory
Collection of Backbone
models in Open-PSA format
E = i Prototype Risk Observatory
Domains Specific o 1
models BB mo !
ﬁ.& E%_ﬁ.é ?’ : lﬁ Data Integration Risk Index i i g\l- €7
engine E> I ¥ &
ﬁ &% . :
el ‘e !
Domain Specific models in = :
Open-PSA format Probability
+ Influencing Factor parameters Computation with XFTA
+ Unit Conversion parameters
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What-if Computations —1/2 )
I N P

Mid Air Collision 5,0E-9 6,2E-9 9,2E-9

— Compute the probability of safety indicators
(MAC, Imminent collision, ...) with variations of
the Backbone model

Imminent Collision to be

2 4,2E-5 4,5E-5 7,7E-5
avoided
— Backbone standalone provides the baseline = —
5 Separation Minima
flgures Infringement to (] 6,9E-5 7,2E-5 9,1E-5
prevented
. :gf:i?f Conflict to  be R 3,4E-2
> Study the Impact of Influencing Factors :
- Select active IFs o =
Tactical Conflict to be solved =
- Crew Fatigue, ATC Experience Level
Separation Minima [ |
- Change occurrence rates of IFs infringermentto be prevented ] - Bugdiiancs
- Compute the probability of safety indicators imminent Collsionto be = ] :::ﬂgw
and compare with baseline figures e ==
e
Mid Air Collision —
V] 2 -; [ g8 10 LoglO(Proba)
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What-if Computations — 2/2 * ot A
= e |

2 =5 ==

— Compare the probability computed with
variations of the Backbone model

> Study the Impact of Domain Specific models — (SMAESEEIEREE 255 coes  ades
- Integrate Backbone + Domain specific risk
models Separation Minima
: : Infri t to be I 8.8e-5 8.2e-5
— ATM Ground equipment, Airborne ;f:;ii:fn A = :
equipment

Tactical Conflict to be
s N - 3,362 3462 3.0e-2
— Airline Contributing Factor Probabilities B 3 J

- Compare probability of safety indicators with |
baseline figures

Tactical Confiict to be solved i
||
 separation Minima [
% Study thE |mpa ct Of Common Causes Infringement to be prevented __ P
—> Add Common Causes Groups to the Risk imminent Collsion to be I W Chmmen e
models avoided -_’, T

— Airborne Communication Failures

-> Compare probability of safety indicators with
baseline figures

Mid Air Collision

-}

z

=

6 & 10 LoglO(Proba)
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Conclusion !

— Lessons Learnt

The Backbone Model helps to compute safety indicators using domain specific contributors
... this requires some Modelling Effort

- Define Generic Contributors for a given risk

- Link Generic and Domain Specific Contributors

—» Use Conversion rules for quantification ( various units : per flight, per flight-hour, per
operational-hour, ....)

- Way forward

Use collected data to quantify Generic and Domain Specific Contributors

Reuse existing Backbone models to study new concepts of operations (for instance RPAS
insertion in Traffic)

Propose Backbone models for other Risks

SAFETY | FUTURE SKY 12

CIRA Status: Approved Issue: 2.1 PAGE 155/327

This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR.
Future Sky Safety has received funding from the EU’s Horizon 2020 Research and Innovation Programme, under Grant Agreement No. 640597.



* *»y

Project Dissemination, exploitation and communication
Reference ID: FSS_P2_CIRA_D2.14 * FUTURE SKY
Classification: Public * * * SAFETY

* M,

* FUTURE SKY

** * SAFETY

Consortium

Stichting Nationaal Lucht- en Ruimtevaartlaboratorium Civil Aviation Authority UK Russian Central Aerohydrodynamic Institute TsAGI
Deutsches Zentrum fiir Luft- und Raumfahrt Airbus SAS Ente Nazionale di Assistenza al Volo Spa

Office national d’études et de recherches aérospatiales Airbus Operations SAS Boeing Research and Technology Europe SLU
Centro para a Exceléncia e Inovagdo na Industria Automavel Airbus Defence and Space London School of Economics and Political Science
Centro Italiano Ricerche Aerospaziali Thales Avionics SAS Alenia Aermacchi

Centre Suisse d'Electronigue et Microtechnique SA Thales Air Systems SA Cranfield University

Institutul National de Cercetari Aeraspatiale “Elie Carafoli” Deep Blue SRL Trinity College Dublin

Instituto Nacional de Técnica Aeroespacial Technische Universitat Miinchen Zodiac Aerosafety Systems

Vyzkumny a zkugebni letecky ustav, a.s. Deutsche Lufthansa Aktiengesellschaft Institut Polytechnique de Bordeaux
Totalférsvarets FOrskningsinstitut Service Technique de I'Aviation Civile Koninklijke Luchtvaart Maatschappij

European Organisation for the Safety of Air Navigation Embraer Portugal Estruturas em Compositos SA Sistemi Innovativi per il Controllo del Traffico Aereo

Y
http://www.futuresky.eu/projects/safety

Future Sky Safety has received funding frem the Eurapean Union’s Horizon 2020 research and innovation progi ne, under Grant Agi No 540597,
This presentation only reffects the author's view, the European Commission is not responsible for any use that moy be made of the information It contains.
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Resolying the
organizational
accident

Future Sky Safety Project P5
Barry Kirwan
EUROCONTROL

e

P5 Resolving the organizational CFUTORE sKy
accident

Many accidents in
complex systems
have their roots in
organisational
factors.

With increasing cost ™ T._/"'MIDDLE

pressures, more agile 3 MANAGEMENT
business models, '
new entrants... g

*  How do we support " STAFF

aviation
organisations in

managing this source
of risk?
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P5 Resolving the organisational accident

SAFETY INTELLIGENCE AT THE TOP
Ensuring that Executive Board and senior
managers lead safety

MINDFULNESS
Fast and effective transmission of safety
info at the operational layer

SAFETY CULTURE BEYOND ATM =
Extending ATM’s successful safety culture Q
approach to the rest of aviation

AGILE RESPONSE TO CRISES
Ensuring we are prepared for pan-
European crises affecting the Network

ADVANCED SAFETY MANAGEMENT SYSTEM
Integrating the above into current SMS
frameworks
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WP1 Safety at the Top
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EASA-OPTICS CONFERENCE
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Middle Managers — an unexplored resource
for safety?
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How middle managers can take account of safety:
A Safety Blueprint

Two hours for safety...

After interviewing 48 middle managers
from 10 aviation organisations, a
‘training’ package has been developed
to enable middle managers to reflect
on how they take account of safety in
their daily activities, and to see how

other organisations do so.

The Middle Manager

Mindset
Managing

Working
E External Environment
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Personal (non-work)
experience concerning safety

Your experiences

Previous job experience /
exposure to safety

What makes
safety real to you
Proximity to operations, or Something that
responsibility for safety-critical ; Wi ;
operations haS Sen3|t|Sed

you to safety

A learning experience — where
you did something wrong...
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You just saw something
potentially unsafe.

Who do you tell?

Safety Mindfulness

A safety mindfulness ‘app’

Working with ALITALIA and MUAC

An App has been designed, enabling ATCOs to post, update, and
retrieve safety-related information useful to help them perform their
daily tasks and activities safely.

LTN also developing an APP

CIRA Status: Approved Issue: 2.1 PAGE 162/327

This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR.
Future Sky Safety has received funding from the EU’s Horizon 2020 Research and Innovation Programme, under Grant Agreement No. 640597.



* y
Project Dissemination, exploitation and communication * o~
Reference ID: FSS_P2_CIRA_D2.14

* FUTURE SKY
Classification: Public

*** SAFETY

*

*
* FUIURE SKY

l'* SAFETY

 EXECUTIVES

§
Q ol ;Md:!t?lglﬁEMENT
«Z
d,a' BER T
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Migrating the safety culture approach b
from ATM to other aviation segments
» European survey — 7200 pilots
» Easylet (LTN)
» KLM (Global)
» Airbus design
» Boeing research & technology
» Luton airport (6 organisations)
» Luton Safety Stack: 15

organisations with an ongoing

safety improvement programme
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Survey of European Commercial Pilots
7200 Pilots
17 Countries
33 Companies
Network, Low-cost,
Charter, Cargo,
Business Jets, S&R,
Helicopter, GA
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By company type
Management
Commitment
to Safety
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Press coverage of survey (Dec 2016)

Press focused on the Mor.e t‘han !mlf
negative aspects such as of airline pilots
Fatigue and atypical contracts. B e i e

EASA now re-assessing their > EASA
Flight Time Limitations N
regulations (FTLs) for pilots =58 picicane

PRACTICAL
GUIDE

Study has influenced EASA
guidance on new business
models in aviation

August 2017

Organisations working together effectively in a crisis
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. . Raising the heat,
' Raising our game T3

Moving beyond "need to have regular exercises”

Moving from individual competence to organizational resilience
Creating challenging exercises

Increasing learning opportunities of exercises and actual crises

Enlarging the comfort zone by gaining experience through
exercising and learning

Better preparedness and crisis management, managing and
mitigating adverse events that could impair safety
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ARC methodology and methodology -'
exercise design preparedness plan
support analysis
[ ARC methadology and ) [ arc methodology for
exercise analysis event and what-if
support analysis
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P5 Portfolio *
Safety Wisdom
People
Safety Dashboard E)D(EI:I.ITIVES
Safety Blueprint
Safety Dashboard -
7g!le Response MANAGEMENT
Safety Culture
Safe Performance
System
People
Safety Culture STAFF
Safety Stack
Mindfulness App
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FSS P5 on Final Approach...

How to put all these
products together...
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HOME SAFETY WISDOM SAFETY BLUEPRINT SAFETY DASHBOARD SAFETY MINDFULNESS SAFETY CULTURE SAFETY STACK AGILE RESPONSE

ENHANCED SMS

WELCOME TO
SAFEORG ~
TOOLS FOR ORGANISATIONAL SAFETY L 4
'K
W
d"

Tools for every actor in your organisation

1 aviation Executives, Managers and Staff improve safety and safet

Future Sky Safety Project The too

m 8~ KA , v
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» P5 is breaking new ground

» We have strong industry engagement which IMPACT

means the products are realistic and useful.

> SAFEORG is the portal for all our products — it
will be periodically updated as we work with new
Partners and develop new tools

> In the end, we can’t claim to have resolved the
organisational accident, but we can better equip
companies to help them manage organisational
safety risks.

[

; / J', : 1 ..
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Consortium

Stichting Nationaal Lucht- en Ruimtevaartlaboratorium Civil Aviation Authority UK Russian Central Aerohydrodynamic Institute TsAGI
Deutsches Zentrum fir Luft- und Raumfahrt Airbus SAS Ente Nazionale di Assistenza al Volo Spa

Office national d'études et de recherches aérospatiales Airbus Operations SAS Boeing Research and Technology Europe 5LU
Centro para a Exceléncia e Inovagao na Industria Automdvel  Airbus Defence and Space London School of Economics and Political Science
Centro Italiano Ricerche Aerospaziali Thales Avionics SAS Alenia Aermacchi

Centre Suisse d’Electronique et Microtechnique SA Thales Air Systems SA Cranfield University

Institutul National de Cercetari Aerospatiale “Elie Carafoli” Deep Blue SRL Trinity College Dublin

Instituto Nacional de Técnica Aeroespacial Technische Universitdt Miinchen Zodiac Aerosafety Systems

Wazkumny a zkusebni letecky dstav, a.s. Deutsche Lufthansa Aktiengesellschaft Institut Polytechnique de Bordeaux
Totalférsvarets FOrskningsinstitut Service Technique de I'Aviation Civile Koninklijke Luchtvaart Maatschappij

European Organisation for the Safety of Air Navigation Embraer Portugal Estruturas em Compositos SA  Sistemi Innovativi per il Controlla del Traffico Aereo

-
http://www.futuresky-safety.eu

Future Sky Safety has received funding from the European Union's Horizon 2020 research and innovation programme, under Grant Agreement No 640597,
This presentation only reflects the author's view; the European Commission is not responsible for any use that may be made of the infarmation it contains.

Appendix B.13 “P5. Dave Cross (easylet): LTN safety stack” — Liam
Bolger, Luton Airport

CIRA Status: Approved Issue: 2.1 PAGE 172/327

This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR.
Future Sky Safety has received funding from the EU’s Horizon 2020 Research and Innovation Programme, under Grant Agreement No. 640597.



*
Project Dissemination, exploitation and communication * ')

Reference ID: FSS_P2_CIRA_D2.14 * FUTURE SKY

Classification: Public * * * SAFETY

LTN Safety Stack

London
4. Luton
Airport

LTN Safety Stack

In 2015 an EU-funded project called Future Sky Safety was launched. One of its
main aims was to adapt the EUROCONTROL safety culture approach, already used
in air traffic organisations in more than 30 European countries, to the airline and
airport side of the aviation operation. This was seen as strategic for safety, since
there is significant cost pressure on the industry at present.

In 2016, London Luton Airport (LLA) and some of its key stakeholders participated in
a Safety Culture Survey as part of an initiative funded by the European Commission
under the Horizon 2020 Future Sky Safety Programme; this survey was conducted
by the London School of Economics in collaboration with Eurocontrol. The primary
objective of the survey was to identify safety culture across individual aviation
stakeholder groups and to seek ways of

enhancing safety across the aviation network. LLA hosted a two day workshop in
January 2017 out of which the LTN Safety Stack was formed and several action
points agreed by the stakeholder groups involved in the workshop.

H
i
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Key Points

1. We are not seeking to ‘break down silos’, every organisation has the right
to run its business as it sees fit — we are seeking to create workable links

across organisations and their individual component parts for the purpose
of sharing and learning.

. Organisations in a shared place, such as an airport, have the opportunity
to meet to discuss problems and opportunities.

. The Luton Safety Stack provides an example of a working collaborative

initiative to help manage safety across interfaces, based on safety

practice development and safety intelligence sharing initiatives between
15 organisations based at the airport.

|
L
$

Organising for safety intelligence sharing

Sport

Swis,

4
W
o
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LTN Safety Stack Initiatives

1. Harmonisation of Ground Handling process through the adoption of the
IGOM — in progress

Standardised emails for safety communication - completed

Shared safety dashboard — in progress

Safety culture and contracts management — replaced with Don’t Panic
LTN Safety Stack video — Complete and due to be launched
Recognition and appreciation — in progress with the AOC

A day in the life — replaced with Safety Every Day

Pooled training — replaced with Just Culture

© e N 0k ODN

Safety Leaders Programme — in progress

)-

LTN Safety Stack Initiatives
LTN GOMs:

GROUND OPERATIONS MANUAL LLA [ GrouND oPERATIONsMANUAL | L I &

LTNSAFETY STACK GOM3 LTN SAFETY STACK GOMG.
Cane Placement Atians prioe to Arrival

Betovethe sl of an st on sesnd, 8 respnsbi person mist

1)t e th stare surbacecandion s sulfiensy fee of e, e, 5.t wre
safe arcraf moverent

€)M s marshaling et e
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LTN GOM Checklists:

[ LuTon Grounp operaTions maNUAL | - B &

LUTON GROUND OPERATIONs manuaL | [ . &

TN SAFETY STACK GOM3 - Alreraft Chocking Checkiist LT SAFETY STACK GOMS - Actions Prios to Arsival Checkist

Hame of Awiitor: Company: Hame of auditor: Compant-

Companies Audited: Location: Companies audited: Tozation:

Date: Time: Date: Time:
Question o Question

Hat a cone boen placed one metre in front of sach Has a FOD chock of the entire siand been
3 conducted?

en
Has a cone boen placed one metre from the edge of Has the responsible person made sure the sarface
each ving? condition is safe for aincraft movement?

s & cone baen placed babind the sicraft's

s there a sufficiont number of sones avalable?

silable.
the aiecraft path?
V143 the responsible person Grsare that the ramp.
Additional comments area s free of pessons, and obstacles?
s marshalles present?

Addiional comments

“An swaremess that rums for alof s | m_—m

LTN Safety Stack 6t February 2018 Meeting Agenda:
LLA

LUTON SAFETY STACK MEETING
6™ FEBRUARY 2018
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Safety Performance 2017

Airside Safety Events 2016 Vs 2017
Aircraft Accidents MOR Airfield '
0%
29%
Airside Collisions 1 MOR Airspace l
19% 26%
Airside Incidents l Near Miss Reports
20% 33%
Bird Strikes Slip/Trip/Fall
+12% +9%
Full Emergency l Spillages
29% 16%
Ground Incidents Red Incidents
+14% 0%
Local Standby
+111% 31%
Safety Assurance checks carried out ' Safety Assurance check l
deficiencies
35% 4%
Points of Engagement t Self/Open Reporting t
350% 422%
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Appendix B.14 “P5: KLM insights from a safety culture survey” — Jaap

van den Berg, KLM
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KLM Safety Culture

The next step

*
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KLM wants to be a world leader on Safety
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@ “rTlREsky
Phase 1 : online survey

Generic

» 50 generic statements based upon 9 safety culture dimensions
> developed & psychometric validated for European ATM

» Adapted for aviation in the Future Sky Safety project
» Luton Airport stakeholders & European Cockpit Association research

KLM specific
» 30 KLM specific statements
> ISMS /KLM 5 Safety principles & 4 Safety domains

Open feedback

*y
@ * FUTURE 5KY

» SAFETY

Phase 2 : workshops

Objective

1. Outcome & understanding online survey
» ‘stories’ behind the stats

2. Find improvemenet of the (1)SMS
» Feedback on the survey

Organization

» 9 workshops

» Flight Operations, Inflight Services, Car% KLM Cityhopper, Fleet Services,
Security Services, Operations Control, ISSO, S&SPP

» 5 — 15 employees per workshop, 2 — 3 hours

Content

Introduction

Presentation on division results & feedback
Determine the gap

Suggestions for improvement

YVYY

6
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Phase 3 : interviews with senior managemerit
Objective ’J
1. Inform management on division results
2. Receive feedback on division results .

|
Organization
» 10 interviews
» Fleet Services, E&M, ISSO, KLM Cityhopper, Flight Operations, Operations
Control, Ground Services, Inflight Services, Cargo, International Stations
» Interviews on results, 30 — 60 minutes
» Review statements of the interviewees
7
x
&
>
“KLM Sa culture survey / participation
+ PN '
Sa e
Divisie - . # uitgenodigd # e-mail gezien # doorgeklikt # deelnemers Deelnemers% Deelnemers? 2012
i . ; i 2566 2262 888 782 30.5 38
P 52 a8 42 37 71.2 64
inflight Services k 9288 8193 3945 3507 387 32
Ground Services. ' _ “ eoss 3016 <110 1619 21500 19
cargo L W 1444 gk 7 am 274 o 18
Fleet Services 24 16 58 64
Engineering & fNRENaNca: 4720 1978 92 358 43
Security Services 124 78 57 . 39;5 z 70
KLM Cityhopper 1499 1300 549 a7 31.8 50
Commercial 308 207 151 122 385
International Stations 1.761 1.087 986 908 516
Totaal "32.370 22.338 12.647 11.041 341 33
’
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Safety culture - feedback per division

KLM overall
International stations

Flight Operations

KLM Gityhopper |

Commercial
Inflight Services

Category 'Other’

Engineering & Maintenance
Cargo

Fleet services

Operations Control

Ground Services

Security services

S S |
e e ——
=
[ ——
I
B

[ —

* *vy
* FUTURE SKY

3.3 34 3.5 3.6 3.7

&

»

KLM specific — feedback per division

Average
score per
ISMS item

LM 5 safety principles and domains
QOoe 1 2 3 4

3.8

ISMS general

Work Safely

Stick to the rules

Report unsafe situations

Help and challenge each other
Be fit to work

Operational Security
Environmental Safety

Occupational Safety

CIRA Status: Approved Issue: 2.1

* * * SAFETY
o *
« FUTURE SKY
* % * SAFETY
3.9 4
| 9
o *
« FUTURE SKY
* % * SAFETY
5
= KLM
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~ Safety culture - benchmark

“Safety is taken seriously in this organization”

KLM overall
m Unfavourable
KLM pilots  Neutral

W Favourable

European pilots
network carriers

|11

x*

* FUTURE SKY
* = *

SAFETY

Safety & Security Promotion Plan 2018

Strategic ISMS
Training Plan

Just Culture Challenge

Human factors

Strategic Culture : Reporting Culture
Questionnaire

Communication, training & promotion

Theme days, events, seminars, conferences
Blog, vlog, vid, online/offline, docu’s,

i
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Communicatie matrix Safety Promotie juli - december 2018 (status 24SEP18)
Month General Chall Be Fit Reporting Just Culture Means & tools
1. OCC Health week 1. Newsapp
[June Yammer blogs 2. Fatigue Knowledge Lurch Q-pass (1550 & AV) Symposium Weliew 2. Yammer bloge
ISMS process scheme . 1. Newsapp
July oriratioa) KLM Cargo Tour de France Filming COD & NP's Sl
1. Newsapp
i Frietevaiiiaheid Magasing See it sop It campagne Filming COD & NP's i :;::: biogs
4. Monitors
1. Dam tot Dam run ; :':"‘“W
September Start Show & Tell CGO 2. Dam tot Dam walk Filming COO & NP's sfM::,'.::,
4. Posters
1. safety portal live
1. Newsapp
2. 1550 Open House 1. ICfilm live
October S e ek Management Group challenge Health Portal live [31/10) RaportingViogs TLOEIFS) |y 1o ko with kwe |2 Yommer
3. Blauw article [December)
1. 1550 Hackaton 1. JC division vids
November 2. Safety day iD challenge Theme 24/7 (0CC) o
management trainees 2. 1C Safety day & RAF
Campagne a/o
S - 1. Newsapp
December Blauw magazine Computer challenge Walk & Talk meeting s:”"n et l:m JC & Reporting 2. Monitors
e it savit! @pp 3. Video (what happens with
my repart)

|1Z

Appendix B.15 “P5: Ensuring the right safety view at the top—executive

level Safety Dashboards” — Carlo Valbonesi, Deep Blue
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Ensuring the right safety view at the top —

Executive-level Safety Dashboards

Carlo VALBONESI (DBL)
FSS Final Event - 7t" November 2018, Brussels, ECTL HQ

SAFETY | FUTURE SKY 7 November, 2018
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P5 context

Safety Dashboard I “"\ _ EXECUTIVES

Safety Blueprint ' -

Safety Dashboard ./ MIDDLE

Agile Response W MENREEMENT

Safe Performance
System

Safety Culture
Safety Stack

Mindfulness App
Big Data learning

SAFETY | FUTURE SKY 7 November, 2018 | 2
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#*

Safety dashboard: what and why

“Dashboards [...] are tools that

improve your "span of control”

104 $22M

over a lot of business data.

These tools help people visually
identify trends, patterns and
anomalies, reason about what
they see, help guide them toward
effective decisions™. (R. Brath &

M. Peters) =
L

otal Customers CY V PY

i
=
= |

Wome Ofice il Buninen

sgrnepAfp

Corporne

*Richard Brath and Michael Peters, "Dashboard Design:

Why Design is Important”, DM Direct, October 2004
7 November, 2018 | 3

SAFETY | FUTURE SKY

ok
* FUTURE SKY
* ok SAFETY

Who are we designing for?

Safety manager The Executive Board

Allow data exploration Provide actionable

to find patterns and information
causes
SAFETY | FUTURE SKY 7 November, 2018 | 4
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Safety dashboards for ANSP

Safety Dashboard User group: A/ATS  skyguide
= Safety Directors / Managers "

L] o -+ ™
" @y & aviNoR

To understand the state of
play:

+ Users

* Data

= Content

= Platform

« Level of interactivity

...And come up with a
SAFEB*B{WE‘( 7 November, 2018 | 5

*

*
* FUIURE SKY
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Safety dashboards for ANSP

» Afirst version of the SDB was presented at the FSS
Brussels public workshop in April 2017

 Meanwhile, interactions with SDB UG members continued in
order to validate the dashboard prototype

* This is the result of the iteration...

SAFETY | FUTURE SKY 7 November, 2018 | 6
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ANSP Safety Dashboard - Q4

rational risks an Safety KPI
¥

Top 3 contributing factors - Q3/G4

wn

Safety Culture Action Progress

ELEMENT  ACTION® ouE

Impact of Cl

PROJECT

al malfunctioning with operational impact

*

*FUTLRE SKY
What has been done so far :
« All this work found endorsement by ECTL Safety
team
« Two meetings were held in Q1 2018 to further refine
and validate the safety dashboard
SAFETY | FUTURE SKY 7 November, 2018 | 9
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What then?

« At the end of the last SDB
meeting, ENAIRE
voluntereed to start a
collaboration with P5 to
develop a digital SDB for
Executives

* ENAV expressed
interest as well

* Two meetings so farin
ENAIRE, May and August
2018

SAFETY | FUTURE SKY 7 November, 2018 | 10
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The work done with ENAIRE

Starting point: the current SDB presented to the Board
= A PPT slide collating graphs created in Excel

* Needs:
« Make data feeding automatic (backend)
« Make data visualisation interactive (e.g. select time interval, filter by risk etc.)

» Make visualisations intuitive and compelling

« User:
* Executive Board

»  Owner:
* The Safety Manager

SAFETY | FUTURE SKY 7 November, 2018 | 11
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Data feeding ’
Now
Near future
ETCSe] ‘ Interactive
(NO graphs) e
Future
Interactive
SDB
SAFETY | FUTURE SKY 7 November, 2018 | 13
<FUTCRE sk
iz
The Dashboard live!
(Note!ll: Toy-datasets
used,
not the actual ones!)
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Weighted level of safety (Normalised A + B safety{éﬁsagg
occurrences ) ’

Ground NPS

®---@---@---@--- P - - - - ---@---@---@----0----@

Ma~3017  Apr201T  Map2017 Jun2017 Jul-2017 Aug-2017  Sep-2017  Ock2007  Mov-2017  Dec-2017  Jan-2018  Feb-2018  Mar2018  Ap~2018

B ATMGreund A B ATM Greund B = thresheld @ nps

SAFETY | FUTURE SKY 7 November, 2018 |15
1HEIU Ul A, D dIU ‘v yLuulielives vy
*

Unit (12-month rolling average * FUTURE SKY
comparison) '

Comparisen between periods Comparison between periods Comparison between periods
4/2017 to 4/2018 and 4/2016 to 4/2017 4/2017 to 4/2018 and 4/2016 to 4/2017 4/2017 to 4/2018 and 4/2016 to 4/2017
»
» A
S » b&
= »
v » 4 Py
s v | - P b
S » » b
A s > | 2 > b
v
y At " :»
b
Unats W TipeAEvents W Type 8 Evarts Urits P Tiosacwents B Typs B Everts Units P TrpesBuns W Tyos BEuents
Type C Events Type C Events Type C Events
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Safety recommendations and incidents « FUTURE SKY
highlights ’

——

Recommendation Rationale Related Evidence

Source Recommendation Status
1 A 5MI incident in the
g?tir;lieps?ETs T e WL last month (GCCC) NSA Revise requirements for sharing of safety Ongoing
il e = slerts 3B SMi incidents in the reports information el
‘ last 3months (LECM].

- In
':!;a:;l::;_?’.n New routes for vehicles 1Aand 2B Riinthelast EASA Focus on Just Culture activities Progress
‘gECuO s increased chances for error three months considering result of last survey =
- Delayed
Partial re-design of Mare encounters due to new FromQto 5 BSMIin the o
LECP procedures flows from Marseille ACC last 6months Ministry

Coordinationwith military to be reviewed

inlight of new joint framework agreement Sirhold

of
CWP HM| issues a5 Defense

contributing factors to From0to 3 BAlinthe

Discuss with ATC

system vendor 7 b last §months
misperception

Acquisition of new Decreasing reporting rates due Last 2 quarters negative

reporting system 10 usability issues data on reporting

1 B incident in April (global anc

1 Binddent (global and gr

evaluation.

& global B with ATM contribution and & ground B in the first quarter

of the year

Oincidents A/B global in May

1 incident C global - B ground in Jun in LECM

1 incident C global - B ground in July in GCXO, scaled up to B global
- B ground

SAFETY | FUTURE SKY

L *
* FUTURE SKY
" * * * SAFETY
Reporting trends
100
== 2018
—— 2017
g0
&0
w0 /\
20
o Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec
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Reporting trends

W overoad
B e
laser
W emergency
100 B birdstrike
g GCTS GCXO GECE LEBA LEBB LEGR LEGT LERS LESA LESO
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x>
* FUTURE SKY
" * % * SAFETY
Reporting trends
Conbributing faciors ta SME and Rl soriad by type and racked by fraguency
RI
o vhocEDURES

-~
~ -
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Way forward

» Releasing a full-working SDB to ENAIRE on Jan
2019 to be used for the next Board meetings

« Exploring other platforms (e.g. Microsoft Power Bl)

» Keep looking for the best way to answer this
question:

«What data are worth showing to Executives
to help them run a safe business?»

SAFETY | FUTURE SKY 7 November, 2018 | 21
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Consortium

Stichting Nationaal Lucht- en Ruimtevaartlaboratorium Civil Aviation Authority UK Russian Central Aerohydrodynamic Institute TsAGI
Deutsches Zentrum fiir Luft- und Raumfahrt Airbus SAS Ente Nazionale di Assistenza al Volo Spa

Office national d'études et de recherches aérospatiales Airbus Operations SAS Boeing Research and Technology Europe 5LU
Centro para a Exceléncia e Inovagao na Industria Automdvel  Airbus Defence and Space London School of Economics and Political Science
Centro Italiano Ricerche Aerospaziali Thales Avionics SAS Alenia Aermacchi

Centre Suisse d’Electronique et Microtechnique SA Thales Air Systems SA Cranfield University

Institutul National de Cercetari Aerospatiale “Elie Carafoli” Deep Blue SRL Trinity College Dublin

Instituto Nacional de Técnica Aeroespacial Technische Universitdt Miinchen Zodiac Aerosafety Systems

Wazkumny a zkusebni letecky dstav, a.s. Deutsche Lufthansa Aktiengesellschaft Institut Polytechnique de Bordeaux
Totalférsvarets FOrskningsinstitut Service Technique de I'Aviation Civile Koninklijke Luchtvaart Maatschappij

European Organisation for the Safety of Air Navigation Embraer Portugal Estruturas em Compositos SA  Sistemi Innovativi per il Controlla del Traffico Aereo

A ===
http://www.futuresky.eu/projects/safety
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Appendix B.16 “P6: Human Factors challenges in the flight deck” — Kathy
Abbott, FAA

Human Factors Federal Aviation
Challenges in the
Flight Deck

" Administration

Kathy Abbott

Brief to Future Sky Safety on
Final Approach

November 6-7, 2018
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Challenges — not a complete list

« Complexity

+ Dealing with change

+ Information management

» Data — too much or not enough?
- Effectiveness of risk mitigations
+ Dealing with the unexpected

« Automated systems/autonomy

\ Federal Aviation

/ Administration

Challenges — not a complete list

Complexity

Dealing with change
Information management

Data — too much or not enough?
Effectiveness of risk mitigations

\ Federal Aviation

/ Administration
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Complexity

CIRA

* Increase in numbers and diversity of

operations

* Pilot-controller interaction

Tradeoff between complexity and flexibility

\ Federal Aviation

Administration

A Lot to Manage

Air Agency Certificates: 6,219 Check Airmen: 9,071
811 Pilot Training Schools  Lain . s 573 Part 121
n 60| 5,
) 4,307 Repair Stations Shokuly Recomendations (avale 11T Parts 1211135
177 Maintenance Training Schools s m‘;‘mm forFAA 3,381 Part 135
324 Pilot Training Centers ool
245 0pen NTSB S . Active Pilots:
Air Getificates: 245 Qpen 150 Satety e Pilots: 736461
70 Major Air Carriers — (e.g. United Airlines) ATCS M Clearanca :13.805 + 115,816 Commercial
;,5935 Cumgin;lmrcm{r:ﬂ:n Demand g;:x:s +13,802 Air Traffic Controller Workforce : :::.782 Private :
486 Foreign Alr Carriers (e.g, Lufthansa) 93 Flight Service Station Workforce ol Nwmm
354 External Load (Logging/Oil Platform) = ARy
1,807 Agricultural Operators Airm Examinations: 334 +167,636 Student
330 Public Use Authorities (State/City/Police) -32,776 Special lssuancss *40,699 Foreign Pilot
341,470 Standard Issuances +106,026 UAS Remote Pilots
Mechanics with Inspection il En g V Credentials: 17,257
Authority: 22,460 Alcohol Programs: 6,829
@ A Manu : 1539 +12,649 ATCS Credentials
Alrcraft: 309,423 *4,415 ATSS Credentials
: 7,631 Air Carrier Aircraft +193 AIS Credentials
+ Deslgness: 9,089 710 Commuter Air Carrier Aircraft
42,844 Aircraft Certification 8,621 On Demand Air Taxi Aircraft

3,627 Flight Standards
2,618 Acrospace Medicine

213,905 General Aviation Aircraft

Elight Instru, 2 1 3

“Non-Pilot Air P ¢ Aviation Authorities - other countries: 427
+321,308 Mechanics & repairmen 48 Countries covered by Bilateral UAS Registrations: 1,223,073
25,454 Control Tower Operator s n 955,508 Hobby.
m:;ﬂm’mﬁdﬂw 192 Foraign Carrier Aviation Authorities +257,970 Commercial
61,454 other (dispatchers/flight 187 Accident Investigation Authorities +6,508 Paper Registration
navigatorsiparachute riggersiflight engineers)

Status: Approved

Issue: 2.1

\ Federal Aviation

/ Administration
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Pilot-Controller Interaction —
Selected Examples

- Half-degree waypoint issue in North Atlantic

Tracks
- Late runway changes
« Go-around from visual approach
» Defining stabilized approaches
» Airspace procedure complexity
« Complex clearances
« Conditional clearances

\ Federal Aviation

/ Administration

* *vy
* FUTURE SKY
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Operational Factors — Complexity of
Instrument Flight Procedures (IFPs)

ATC Intervention (such as) Operator Factors
+ (Late) route amendments * Independencevs. dependence on
* Unpublished restrictions Dispatch
* \ectors « Clarity and consistency of PF/PM
* etc... roles in reviewing IFPs
Aircraft Factors Environment Factors
+ Lack or unreliability of * Terrain
automated systems * Traffic
* Performance characteristics * Weather (Wind or IMC)

i Bt * Prohibited airspace

* (Standard) expectations

« Fatigue

* Communicationstyle

* Distractions

* Local area familiarity

* Familiarity with different types of IFPs

\ Federal Aviation

J  Administration

CIRA
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PAGE 198/327

This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR.
Future Sky Safety has received funding from the EU’s Horizon 2020 Research and Innovation Programme, under Grant Agreement No. 640597.



* y
Project Dissemination, exploitation and communication * o~
Reference ID: FSS_P2_CIRA_D2.14 * FUTURE SKY
Classification: Public

*** SAFETY

Complex clearances

Example format: “Cleared direct (fix),
(crossing altitude if necessary), change to
runway (runway number), descend via
(STAR), expect (instrument approach)”

Legal, but complex

\ Federal Aviation

/ Administration

Conditional Clearances

* On the ground

— “Line up and Wait after landing aircraft (or behind departing
aircraft)” or “After landing aircraft, line up and wait, after landing
aircraft”

Note: Conditional clearances involving runway operations are not
used in the US

¢ |In the air

— AT [time/position] CLIMB/DESCEND TO [level] or AT
[time/position] CLIMB/DESCEND TO AND MAINTAIN [altitude]
(Note: Text displayed depends on implementation)

— Debated in international circles for years: Pilots hate them,

controllers say that their airspace can't function well without
them

\ Federal Aviation

J  Administration
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Our Brains are Set Up to:

Process information in the most efficient way
— Seeing what we expect to see

— More likely to process information that conforms to
our expectations

— Focus on the most salient information

{J Federal Aviation

Administration

s for separa
Situations where

tation-keeping Which circle did
maneuvers are anticipated. But YOU read first?
there will likely also be
jtuations where the ground

gsed automation will perfo
ation functions,

cignals, or

Federal Aviation
Administration
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Drivers of Change in the System

Aviation is an increasingly global enterprise
under increasingly complex and decentralized
business models

A more
globally
connected
system

Projected growth in demand and diversity Growing

from conventional customers as well as new daviaﬁzn&
; e eman
entrants in non-traditional areas e

The public has internalized the unprecedented
levels of aviation safety

Federal Aviation
Administration

How Are Flight Operations
Changing?

* New ways to do Communications,
Navigation and Surveillance

PERFORMANCE BASED NAVIGATION

PBN NAS

NAVIGATION STRATEGY 2018

Federal Aviation
Administration
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New Technologies and Operators

53.5(2808

Federal Aviation

Administration

Change in Aviation

« Change management
+ Change fatigue
« Change can bring risk

Federal Aviation

Administration
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Accident Rates by Years Following Introduction
Hull Loss and/or Fatal accidents - Worldwide Commercial Jet Fleet - 1959 through 2003

[ o — - = -
I

— — First genaration 4!

so b = =« = «Second generation l |

Early Widebody L |

1 Currant Generation Iy

40 :IL 3

Accident I 1 i ] 1

rate | n F'. .
|

(accidents 3p | | 3
per 1 I\ | (-
million 1A J i ¢
departures) wth | ey ) / :

-|
Sy \-f\ Py

o |>|/‘n\'M£\ //\/Lr/_f\\/\--w.'..“?ﬂ'.-... L PR

0 2 4 6 8 10 12 14 16 18 20 22 24 26 2B 30 32 34 36 38 40 42 44

‘Years since Introduction

How are things changing for
pilots?

 Sometime simpler, sometimes more
complex

* More tasks

» Different errors

* More use of automated systems
* More information

Federal Aviation
Administration
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Flight Deck Information

\ Federal Aviation
) Administration

Outside the Flight Deck: Operational
Data — Too Much or Not Enough?

 More data
+ Better data? Sometimes yes, sometimes no

* Every data source has strengths and
weakness

« Still major gaps

« Remember - absence of evidence is not
evidence of absence

» Data still mainly from the “front line”

\ Federal Aviation

/ Administration
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Scary Stuff

Federal Aviation
Administration

Risk Mitigations
(in decreasing order of effectiveness)

* Eliminate hazard

+ Alter design

+ Incorporate engineered features or safety devices
* Provide warning devices

* Incorporate signage, procedures, training

Decreasing effectiveness

Source: MIL-STD-882E System Safety Handbook

Federal Aviation

Administration
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Concluding remarks

+ Managing complexity and change are key
parts of moving forward

« Multiple, dissimilar sources of data will help
us make better decisions

+ Information management needs attention

« Mitigate risk in the most effective way
possible

\ Federal Aviation

/ Administration

Appendix B.17 “P6: Controllers on the edge: graceful degradation in
ATM and the human performance envelope” — Tamsyn
Edwards, NASA
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Controllers on the Edge:
Graceful degradation in ATM and the human
performance envelope

Dr. Tamsyn Edwards and Dr. Paul Lee

-k Project overview

* Research and technology
advancements enable significant
change to ATM

* Changes may include:
— Narrower tolerances
— More precise trajectories
— Strategic vs tactical control

* System resilience is a critical issue

* Future systems must be able to
degrade gracefully to maintain safety
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SAN JOSE STATE @

wiee s What is graceful degradation?

* Graceful degradation describes the
ability to tolerate failures

— Reduced functionality vs catastrophic Efbarcs o
failure ol e | o g
protect b, el on
P || || | |2
; ST || || e ||| [
* Human tend to fail gracefully; o SR
machines usually do not T TR [~
= ", ~ mn:u
* Previous research has tended to & ”
focus on graceful degradation of % %
machines : .

Demand

* To design graceful degradation into
future systems, need to understand
degradation in ATC operations

- Project Aims < -

* |dentify causes of degradation in
ATC

* |nvestigate relationships between
degradation causes

* Inform understanding of the role of
the controller in graceful
degradation

* |dentify ATCO degradation
prevention and mitigation strategies
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Initial framework of
graceful degradation

SAN JOSE STATE
UNIVERSITY

Pre-degradation:
* Preventative measures to generate graceful degradation
» Active at different stages

.
| Identification |

| Degradation cause

7
/ %

Py #

System Off- Human operator P |
fault or naminal (Air traffic =
failure contraller) System design Environment Human operator [Air
L § e.q, eq traffic controller)
= Fault tolerance = Airspace design eg
» Redundancy = Traffic flows « Troining
» Automabion s CONOPS

* Human-centred
interface design

« Decision support
tools

= - | » Procedures

SAN JOSE STATE
UNIVERSITY

Method

* Semi-structured interview (2 hours)
* Participants: 12 Retired controllers
— TRACON and En-route, worked in California

Post-
degradation:
Recovery

* *vy
* FUTURE SKY

*** SAFETY

&

Output

Predominanty
human operator

Can be supported
by all previous
pre-degradation
measures

— Median age 63 years, experience range 20-35 years

* Example questions:

— “What has caused ‘bad day’ for you in operations?”

Graceful

degradation

— “What are your control strategies for an aircraft emergency?”

* Interviews transcribed; analysed using thematic analysis

Issue: 2.1
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Result 1: Causes of degradation -
Technology

SAN JOSE STATE
UNIVERSITY

* Failure — Radar, Communications

“Everything is working fine and then it doesn’t work. Can you keep up with the
phone and radio calls?”

*  Unreliability

“If it doesn’t work we just say forget it. It’s unreliable...Until someone proves to me
that it’s going to work I’m not going to base my career on accidentally running an
airplane into another guy’s sector”

. Reduction of flexibility

“Engineers designing routes will say, he’s doing 160 knots and that’s this many miles
per minute, so he gets here then. [But] there’s weather, there’s emergencies, there’s
pilot errors”

Result 1: Causes of degradation -
Environment

SAN JOSE STATE
UNIVERSITY

* Weather
* Aircraft emergencies

* Pilot requests

“They say we want to deviate left. When they say deviate left, now I'm
really having to focus on that...”

* Complexity factors:
— Sector features

“You've got to make your turns exactly right, your climbs, your speed, so
you've got to be on everything”

— Location of sector

“The pilot says, ‘Can we deviate to the right around it?’ | don't have any
traffic out there, that's an easy thunderstorm”

— Traffic level and complexity of traffic
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Result 1: Causes of degradation - @
Human operator

SAN JOSE STATE
UNIVERSITY

* Errors (usually asa result of)

e.g.

— Workload — underload and overload

“There’s a lot of times when you’re probably too
relaxed, then all of the sudden you’re going, | better
wake up here”

— Fatigue

“You do start to feel that mental fatigue, and you're
falling behind”

— Situation Awareness _
“Somebody misses his turn and you are busy someplace
else and meanwhile he has gone way past where he is
supposed to go”

Result 2: Degradation cause and @
system effect

SAN JOSE STATE
UNIVERSITY

* Causes not sufficient to
understand system impact

* Relationship between cause and
effect is often moderated

— Expected or unexpected cause
“You did have a plan. Now you don’t
have a plan. You're reacting ”
— Sudden or gradual cause
“If | see the weather coming, I'm pre-
planning the solution in my head,
whereas if all of a sudden, I'm hit with
the emergency, then | don't have time to
pre-plan”
— Duration
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.. - Result 3: Relationships
UNIVERSITY b f d d -
* Co-occurrence or association
« Between or within degradation categories
“We had about 17 or 18 operations. It was IFR weather. Maintenance took the
radar. | just barely had the picture - If | had looked away | would have lost that”
e E I f iati
e EXamples of associations
" between human factors
Factors Quotations
Workload and Well, whenever your workload goes up your stress goes up. It kind of goes hand in hand
Stress (Participant 7)
Teamworkand | “Working with somebody that you know just so smooth. So easy going. You trust that guy. He
Trust trusts you. He trusts you to make the right decisions and he knows what to do as far as
coordination” (Participant 8)
Teamwork and | “Low traffic teamwork really doesn’t come into play. It is when the stress levels move up and
Workload the work is harder and there is more going on that is when the teamwork really comes into —
into play” (Participant 8)
Fatigue and | wouldn’t want to go back into the pressure cooker you know what | am saying with a 15-
Workload minute break. | wouldn’t want to (Participant 10)
Stress and | think you wind up overlooking things, not noticing little variable that can turn into
Vigilance something worse later on because your mind is stressed (Participant 9)
Workload and somebody misses his turn and you are busy someplace else and meanwhile he has gone way
Vigilance past where he is supposed to go so now you are getting him back and trying to get him back
quickly, so a couple of those and then it can just all start to snowball (Participant 10)

Fatigue and SA | Sitting there at a busy radar sector... my fourth shift of the week, I've already had the quick
turn to the day, and then | came in, and | probably got out of bed at 3:30 that morning to
come to work, and I'm on my fifth cup of coffee for the day, and | remember just feeling like
I'm barely hanging on by my fingernails for dear life (Participant 9)
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- - Result 3: Relationships
between causes of degradation

* Co-occurrence or association
« Between or within degradation categories

“We had about 17 or 18 operations. It was IFR weather. Maintenance took the
radar. | just barely had the picture - If | had looked away | would have lost that”

* Interactions can result in a cumulative impact

“We're very good jugglers. Something goes wrong, you can handle it. Then
something else happened. Here comes another ball. Pretty soon, you're going to
drop a ball”

“It starts to be exponential as things happen, it never seems to be linear, it just
goes a lot faster”

* Understanding interactions is critical:
— Design of systems capable of graceful degradation design
— Predicting, preventing and mitigating degradation

™ Result 3(Cont.): Function Failure @

* Occurs as a result of interactions between technology and context
* Examples:
— Datalink communications and environmental off-nominal events

“Direct communications are extremely important. Using automation in a
normal flow of traffic is fine. But in emergency situations or heavy traffic
situations, it becomes a detriment”

— Conflict alert in terminal environments
“In a terminal environment, it’s very unreliable. Rarely do we use [it ]”

* Implications:
— ATCO Overload
— Risk assessment
— Future system design
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. H- Result 4: Prevention and @'
~" mitigation of system degradation

* Pre-degradation strategies
“You don’t want to see a catastrophic failure. That there are safeguards that
are built in that you have to rely on”
* In-time prevention and mitigation strategies
— ATCOs change control strategies to make the system work
— Strategies are learned through experience
— Strategies are dependent on awareness

v _Result 4 (Cont.): Prevention and
" mitigation of system degradation

* Mitigation strategies for Technology-related causes of degradation
— Become more conservative
— Increase safety buffers
— ‘Back to basics’

“First, make sure that everyone is separated, and then try and get everyone
out of the sectors as quickly as possible”
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Mitigation strategies:

SAN JOSE STATE

UNIVERSITY .
Technology causes of degradation
Examples of mitigation strategies for Examples of mitigation strategies for
radio outages Flight processing/data tag failure
Strategy Strategy Strategy Strategy
grouping grouping
Coordinate with next center to find a Resort to basics
frequency and contact aircraft Conservative control
Replace Coordinatn_a with next center to control control | Verbally ask pilots: Check
function | affected airspace strategy | altitudes
Passed if]formation to center - Try and remember
alternative frequency ; :
information
Ground or hold traffic in other sectors prevent | Slow down aircraft into
Pre"e'i't from | sector call neighboring sector
Worsening | Re_route airborne traffic around the getting
situation sector worse

~__Result 4 (Cont.): Prevention and

SAN JOSE STATE

~ mitigation of system degradation

* Mitigation strategies for Technology-related causes of degradation
— Become more conservative
— Increase safety buffers
— ‘Back to basics’

“First, make sure that everyone is separated, and then try and get everyone
out of the sectors as quickly as possible”

¢ Mitigation strategies for Environment-related causes of degradation
— Separation - altitude, lateral distance, speed
— Utilize surrounding airspace
— Ground delay/ground stop
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SAN JOSE STATE Mitigation Strategles. @
~ Environment causes of degradation

Examples of mitigation strategies for thunderstorms

Strategy Strategy |Strategy
Strategy | grouping
grouping Back to basic scan — more focused
Start organizing traffic early into Anti.cipate future: prevent getting
manageable flows be_hmd - - -
Preplan (if - : = Bualfi ne\_uv route: a_sk first pilot to deviate
hasshla) ore conservative control prior to at direction; ask aircraft to follow
thunderstorm appearing to leave Ask for spacing coming into sector
room for flexibility to change ot Slow down the situation — create more
From pilots: how far to maneuver changes 2paes l:?etween sl - —
arolind it an altitudes affacted Use altitudes to separate if spacing isn’t
- sufficient
From pilots and/or weather repots: Use neighboring sectors’ airspace (point
Gathering intensity (1-5) outs)
information | From weather reports: Location and Hold at lower altitudes
movement pattern Increase distance between aircraft
Look at basic weather data on radar ke B -
e Stop traffic Refuse to take handoffs/aircraft

~__Result 4 (Cont.): Prevention and @

SAN JOSE STATE

~ mitigation of system degradation

* Mitigation strategies for Technology-related causes of degradation
— Become more conservative
— Increase safety buffers
— ‘Back to basics’

“First, make sure that everyone is separated, and then try and get everyone
out of the sectors as quickly as possible”

¢ Mitigation strategies for Environment-related causes of degradation
— Separation - altitude, lateral distance, speed
— Utilize surrounding airspace
— Ground delay/ground stop

* Mitigation strategies for Human operator-related causes of degradation

— Strategies focused on reducing the impact of performance-influencing factors,
such as workload and stress

Commonalities Between Strategies: Time and Space
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*wi™  The system envelope

Workload
Situation Stress
Awareness 4

/

*ui The system envelope

Workload Operational
i Operational
Situation Stress maximum pt.
Awareness ‘ ‘ optimum

/ \ Tolerance
oo e D L

Individual envelopes
that interact to
determine the overall
system envelope

4
N
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sa s srate Conclusions

* Graceful degradation is essential
for system safety

* ATCOs have a critical role in
graceful degradation

* Time and space are essential for
online strategies

* |dentification of interactions
between degradation causes is
necessary for future system
design and risk prevention

* A System envelope framework
may inform research and support
designers to ensure the system
stays within tolerance

Implications &
future considerations

* Future system design needs to be flexible for ATCOs to use
mitigative strategies

* Potential interactions should be identified and designed out
or mitigated
— Future design should take into account the context of tool use

* Reduction of interaction relationships through system
design

* Implications for future consideration of Artificial
intelligence in ATC

SAN JOSE STATE
UNIVERSITY
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SAN JOSE STATE
UNIVERSITY

Thank you!

tamsyn.e.edwards@nasa.gov

b

L

A'RSPACE OERAﬁ@NS LAB

Controllers on the Edge:

Graceful degradation in ATM and the human
performance envelope

Dr. Tamsyn Edwards and Dr. Paul Lee

San José State
UNIVERSITY
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SAN JOSE STATE
UNIVERSITY

Back up slides

2.

e
+4

X
X5
SAN JOSE STATE @

Project Aims

* |dentify causes of degradation in ATC

* Investigate relationships between
degradation causes

* Inform understanding of degradation
prevention and ATCO mitigation strategies
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SAN JOSE STATE £ @
w Causes of degradation
Technology - related causes Environment - related causes
Radar primary, secondary Shape and size of airspace
‘I:otal ! Radio Transmitter/receiver Crossing routes/conflict points
equipmen B = = . .
:n:mol Internal Fomrnunlcatlon/ph‘one!lnes Sector fo of.traffu: (IFR an?l VFR) -
fallie Issues with alr.cra.ft VHF rac'ho features | Climbing/descending traffic
S V\{eather prediction tool.fallure Traffic presentation ie
T Slieht uplantdatds particl orSoompicte Integration of arrival streams
8Y | failure — -
Callsign failure (just leaving radar target) Mlhtaw‘alrSpace
Limitations | Conflict probe and alert T N_lountams - takes away
of Auto hand-off cector _|2Irspace/ flexibility
automated | Sequencing tools Mountains — thunderstorms
tools Inadequate design for human use build quickly without notice
Techr‘no!l:{sv “In those situations where you need to Traffic | Traffic amount and complexity
'e-"'l-'“'“sf'“ 2| have that flexibility and adjustment,
0SS Of ? ey 2 -
r i L
flexibility sometimes it isn’t there” (Participant 6)
Indirect | Skill degradation
concerns | Complacency
resulting 't ture traffic increases
from
automation
SAN JOSE ST, . @
wiCauses of degradation (cont.)
Human factor related causes
Human Examples
Factor
Workload | Overload and underload
Inadequate |Incorrect mental picture
Situation | Falling behind
awareness
: Transposing callsigns
Communicat
: Incorrect readback/hearback
ions e
Missing calls
Slower at developing plan
Fatigue Slower to respond
Don't perceive issues are quickly or clearly
Poor planning
hiess Inattention
S Overlooking things
Vigilance Missing hand-offs
Inadequate | Passive D-side — needs to be told what to do
Teamwork | Uncooperative
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v Interaction of sudden
and unexpected causes

UNIVERSITY

l Expected

- . b 0] 1 ic {
Lass of technology through maintenance “Thohind craticats (pixaticed)

Pop-up weather, e.g. Thunderstonms Building traffic/complexity
(incorrect prediction), Fog

1 Gradual |

. Unpredicted weather
Emergency

| s 1t i |
S Unpredicted traffic build-up

Tool and equipment failure

Appendix B.18 “P6: Human Performance Envelope: overview of the
project and technical results” — Marcus Biella, DLR
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Lufthans: The changing environment * FUTURE SKY
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1. Big data becomes available on board the aircraft (internet allow
actual news airports, weather, etc.)

More people fly: larger aircraft go to smaller airports

New airports arise having less infrastructure

Competition increases and reliability puts pressure on crews
. Airlines operating with less extra fuel (time pressure)
Airlines wish to reduce number of crews and pilots (fatigue)

o u s W

- Increasing need for actual information
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« approach briefing

* Abnormal procedure (ECAM of aircraft)
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* EFB = Electronic Flight Bag, Tablet or Notebook used by the pilot
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» Normal Approach » Abnormal Procedure
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|N ‘|‘HE * Abnormal procedure (ECAM of aircraft)
* OM-B (additional documentation on EFB*)
WO R I._D * NEW landing perf. calculation (on EFB¥)

* NEW approach briefing

* Check of quick reference handbook

et or Notebook used by the pilot
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*

Simulator research: Technical abnormal

1. HMI: What kind of information?

2. HMI: How to get that information?

3. HMI: When to get the info and how long it takes (timing)?
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Simulator research: Technical abnormal

1.HMI: What kind of information?
2. HMI: How to get that information?
3. HMI: When to get the info and how long it takes (timing)?

Priorities !
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« Fuel Awareness does NOT correlate with:

age, amount of flight hours, amount of aircraft types or with the
number of airline companies worked for

« There is no multitasking: The more interruptions, the more
mistakes and the lower the fuel awareness

Cockpit Interface *:FLIURSEA SKY
Simulator research: Technical abnormal
1. HMI: What kind of information?
2.HMI: How to get that information?
3. HMI: When to get the info and how long it takes (timing)?
Format !
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Right place - right format *:FUTURE SKY

*
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1. Fuel must be in Primary Flight Display (PFD)
2. Remaining fuel given in kg
(must recalculated from kg in minutes)
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Cockpit Interface * FUTURE SKY
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Simulator research: Technical abnormal
1. HMI: What kind of information?
2. HMI: How to get that information?

3.HMI: When to get the info and how long it
takes (timing)?

Timing !
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Car Navigation:
»You have not reached your destination.
Please turn around when possible”
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& . A
Life is easier on iPhone. |

And that starts as soon as you turn it on

Think with Goc gle
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Time needed for the calculation * FUTURE SKY

1. The fastest way to calculate landing performance

= Start of computer ,Performance Landing" 0:12 min
+ Entry of data with abnormal failure 1:30 min
« Calculation of the program 0:14 min

« (Warning sign with indication ,mind crosswind")

2. The fastest way to look up the OM-B expended checklist
+ Start of library ,documentation * 0:10 min

¢« OM-B search: Limitation -> general limitiation -> wind limits -=> max wind
condition for CAT II or CAT III -> crosswind ->  plus entry of a/c registration
2:30 min

Gesamt 4:26 min
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The Electronic Flight Bag (EFB) today * FUTURE SKY

library: over 30 (!) different operational manuals
company news, duty roster, safety bulletin
performance calculation tool

electronic communication (email, all reports)

route manual with maps and charts

complete briefing tool (weather, NOTAMS, etc.)
over 70 (!) computer based training programs
different tools (dictionary, converter, etc.)
flight and fuel efficiency program

etc. etc. etc.

*

The Electronic Flight Bag (EFB) *:FUTURE SKY

** SAFETY

library: over 30(!) different operational manuals

comp' ' f ! ty bulletin

perfol N

electr
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Simulator research has shown:

1. Correct priorities: What is important?

2. Better format: How to get that information?

3. Right timing: When to get the info and how long does it take
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Development of a smart vest for real-time measurement of
physiological data

Josias Wacker, CSEM
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Background
Wearables
CSEM’s smart vest
Live demonstration
Conclusion
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CIRA

Dissemination, exploitation and communication
FSS_P2_CIRA_D2.14
Public

Background

=  Many safety critical domains rely on human operators
(Air traffic control, Aviation, Maritime, Rail, Military,
Medical, etc.)

= Need to know when human operators are approaching
the edges of acceptable performance, e.g. when
should automation take over?

= One way to track human operators’ performance is to
monitor significant physiological signals.

= Equip operators with wearables containing sensors.

. Evaluate measured signals and alarm in critical
situations.

SAFETY | FUTURE SKY

Wearables

=  Sensor-equipped «clothing»

. Glasses which monitor the eyes

= Chest belt which records heart activity

=  Bracelet which measures body activity, heart rate
= Shoes which record running efficiency

=  Comfortable, inconspicuous

SAFETY | FUTURE SKY
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CSEM’s smart vest gttt ({2} *Fuwaﬁaw

= 1-lead electrocardiogram (ECG):
s Heart rate
. Heart rate variability

B Trans-thoracic bio-impedance
L] Breathing rate

# Skin temperature

B Activity
L] Posture: Sitting/Lying/Standing
. Walking/Running/Rest
= Steps/Cadence
. Energy Expenditure

- Photoplethysmography (PPG)

. Sp02
= BP

SAFETY | FUTURE SKY 7 November, 2018 | 5

Live Demonstration gttt ({2} *F“T“'EEE'T‘X

breaths/mi

body temperature activity

°C
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L] Parameters to watch:
= Heart rate
= Heart rate variability
= Breathing rate

r }— RRinterval ———|

R-wave peak

QRS complex
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*

Project 86 3

" HUMAN x
Conclusion rorgiingt ({&)) + FUTURE SKY

] In FSS, monitoring relied mainly on cardiovascular signals such as heart rate and heart
rate variability (both extracted from ECG).

= CSEM's sensor vests measure more physiological signals:
= Breathing rate
= Skin temperature
. Activity
= PPG (Sp02, blood pressure, ...)
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Thank you
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Results on a single pilot gt *FUTURS

Run 3: High workload Run 4: Very High workload

e bl =
k. M L
; | ; |

0ol ,h/’/ﬂ” s
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*

o Physiological measures such as HR, SDNN, HF, LF and VLF can be sensitive to an increase in workload and/or
stress.

o Run 6 (High/reduced SA) was very often not significant to the baseline.
o HR and SDNN were particularly sensitive to the increase in workload.

o HRV features derived from the speciral analysis (HF, LF and VLF) showed a significant response io the increase
of stress as well.

o Normalization of the HR is important in the group analysis. However, a good “quality” of the baseline is important
to obtain reliable results.
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Appendix B.21 “P7: Mitigating risks of fire, smoke & fumes” — Eric
Deletombe, ONERA
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FSS - 2nd Public Workshop - 07/11/2018
P7 Mitigating Risks of FS&F

Eric Deletombe / ONERA - The French Aerospace Lab i
eric.deletombe@onera.fr g, { @

-LEDNF?RDD O ”' L
A on

+33(0)3 204969 36
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*
N FUTURE SKY
SAFETY
Content

@ Introduction

PROJECT #7 Objectives & overview of P7 Project
MITIGATING

THE RISK OF FIRE,
SMOKE & FUMES

Technical Results and achievements

TYPE OF PROJECT
Collaborative project

PROJECT MANAGER

ONERA Conclusions

THEME
Building ultra-resilient vehicles
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Many fatalities in case of accidents are still fire caused/
related.

Emerging - New trends / new risks :

* More electric aircraft maybe increases risks of in-flight fires

* More organic composites in A/C design with very different
behavior compared to metalic materials

* Limited knowledge wrt fire & heat behavior of composites

materials
SAFETY | FUTURE SKY 7 November, 2018 | 3/20
I 1 B **FL'TURESKY
Objectives of P7 Project

To increase safety by ...

O1:Improving knowledge concerning OMC materials and
structures behaviours vs fire

02 : Assessing mechanical properties of heating/burning/degraded
materials

03 : Evaluating the fire consequences (incl. toxicity, smoke),
proposing solutions to mitigate them

04 : Sharing database for future modelling purposes (expensive
tests)

05 : Establishing/giving recommendations
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Short Overview of the P7 Project TR

*
* FUTURE SKY
* = * SAFETY
JRI Safety - P7 Mitigating risks of fire, smoke and fumes
WPRT.1 Understanding and
characterising the fire
behaviour of primary
WPT.2 improving material structure composite materials WP7.3 Effects of new
solutions to mitigate fire, smoke materials, technology and fuel
and fumes incabin environment systems on the on-board air
(plus toxicity) T7.1.1 Definition of tests, quality
manufacturing of test coupons and
| % pannels, preparation of tests (incl.  #Y
T7.2.1 Definition oftests, / instrumentation)
manufacturing of specimens.

\ T7.3.1 Define methodological
preparationoftests. | l

sl framework
{instrumentation)
T7.1.2 Test and model the (ne'iconcem}
thermochemical, thermophysical
and thermomechanical
properties of composite T7.3.2. Study possible safety
il ct on on-board air quality
T7.2.2 Devel d test materials according to impa T
mat!"ga?s ﬁ,.:::::m:.,fsn'?,: temperature, fire exposure ! accort_llng tovarious
protections (time), and material state (virgin innovations: materials
and charred) (structures, engines, cabin),
technology (more electrical
i I aireraft), and fuel systems
T7.2.3 Model material T7.1.3 Test and model resilience I
degradation with respect to fire, to temperature/fire effects at
fumes and smoke risks in the structural levels (incl. on T7.3.3. Study concepts of
cabin environment damaged panels) sensors (and check feasability)

to detect, measure and monitor
relative air quality change

FML, GP T700/M21

to improve air quality

T7.3.4. Propose general solutions |

IFCAS
ceeirrese 36 Months (54 incl. EA) # 258 MM

7 November, 2018 | 6/20

WPT.1: Understanding and characterizing the fire {F*u“ﬁéggg
behavior of primary structure composite materials ’
(epoxy resins, standard CFRP)

ONERA, CRANFIELD, CEIIA,CASA, EMBRAER.

Enhance knowledge concerning the fire behaviour and
performance of CFRP primary structure materials

. Produce a comprehensive experimental database on a reference
material (T700GC/M21)

Confront experimental results to state-of-the-art models and
simulation tools

Share the results within the European research community

D7.4 Primary structure materials — Test Results (15t batch), 2016
D7.7 Primary structure materials - Test Results (2" batch), 2017
D7.9 Primary structures materials - Models for fire behavior, 2017
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WP7.1: Produce a comprehensive experimental database on ~ *FUTURE SKY
. / —~ 1 4 o
a reference material (T7T00GC/M21)

ONERA

Use of ONERA research facilities to study fire
exposure of composite plates
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Al *
WP7.1: Increase experimental insight to improve * FUTURE SKY
. o i : e B *
understanding & codes validation (T700GC/M21)
-_— L . sso- 20
T [K]: 200310320330 340350 360 370 380390 400 410 420 430 440 450 460 470 480 490 500 510 520 530
| 500 \ L1s
o
e ¥
& 4504 =10 ==
< E
14
= ] -
200 400+ =5
TIK]
Z [mm]
150 200 ] ; r B
200 0 10 y 31“ ! 60
Time [s]

3D reconstruction of temperature measurements on
the back surface of a composite laminate exposed to Fire
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*

WPT7.1: Simulate thermomechanical structural response with {Ful'unsgggy
state-of-the-art simulation tools (T700/M21) &

Total Crsplacement

Use of numerical simulation to reduce ISO 2685
structural test loops (AIRBUS DS)
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WP7.2 : Improving material solutions to mitigate il
fire, smoke and fumes in cabin environment (plus toxicity)
DLR, VZLU, LEONARDQO, CAA

* Enhance passengers safety through the development and
assessment of new material solutions

« Develop and characterize new materials and combinations of them for improved
fire behaviour of cabin (and structural) environment

* Model new materials degradation with respect to fire, fumes and smoke risks in the
cabin environment
* Assess solutions at material and structural levels wrt current
industrial safety requirements using standard experimental
methods and state-of-the art simulation tools

D7.5 New materials for fire protection in cabin environment - Test results 1%t batch, 2016
D7.8 New materials for fire protection in cabin environment - Test results 2" batch, 2018
D7.10 Materials for cabin environment protection - Models for material degradation, 2018
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WPT.2 : Screen new materials for cabin environment
wrt their fire, smoke & fumes properties

Damaged FML
Metal layers act
as gas barrier

Gas insulation
between the

Layers (pillow

eHect)
s intact CFRP layers

* Fiber metal laminates) o

Dalamination of CFRP
" and metal tayers

* Geopolymers (resin, foam)

* Natural fibers (cellulosic, linen)

* Recycled carbon fibers (rCF)

SAFETY | FUTURE SKY 7 November, 2018 | 12/20
. . . .  FUTURE SKY
WP7.2 : Combine new material solutions e.g. into Wy sareTy

laminated composites

® Phenolic-CF

HRR [ = GP-CF-ArF
" GP-CF

coﬂmin

DS, ax _

carbon fabric
recycled carbon fibres
flax fabric

6‘0 ,§l‘° °pa'n.n ‘oéllo & Q"‘P Né)o'lo
Layup of GP panel
demonstrator - natural fibres Improved FST behavior of
and recycled carbon fibres applied GP laminates compared to

common phenolic laminates

Design and assess new solutions for cabin

environment
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WP7.2 : Model new material solutions and assess

state-of-the-art simulation tools

Flame map

Temperature through the thickness of the specimen

Comparison of GP / CFGP flame penetration tests with
FlamePTM simulation (Leonardo)
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*

WP7.3 : Effects of new materials, technology and fuel Rt

systems on the on-board air quality
NLR, CEIIA, CRANFIELD, EMBRAER, CAA

* Investigate opportunities offered by technical developments to
study air quality
*  Focussing on comfort/health/safety considerations

* Better understanding of emission sources as basis for integrated
solutions

* Investigating sensing technologies (incl. COTS)

* Propose Industrial framework for monitoring of air quality

D7.6 On-board air quality: Literature review and methodological survey, 2016
D7.14 On-board air quality - Final report on the effect of new materials, 2018
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WP7.3 : Experimental protocol using COTS sensors *:FEI”"!E&',‘!
for real and differed time air quality investigations

Proof of Concept: measurement of volatiles at normal or elevated

temperatures
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*

WPT.3: Frame a feasible pathway to address complex *:FEI”QEFJSY

cabin air quality issues

. Iirl
«" — 3333 3838333 5 8333331 39883999883,
RN P E LR EEEEEEEEEEEEEEEEEEE I

— — Data

: Short/Mid term
| i. MRO/QOperation/OEM

Mid term/Long term
i. Health, Regulators
ii. OEMs : comfort improvement (OEMs, Operators)

Proposal of Industrial cabin air quality Framework based on
e Continuous Air quality Sensing (IFCAS)  ; yowember, 2018 | 1720
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WP7.3 : Modelling the composition & behaviour of *:F“I“’i‘ii'ff
P -
cabin air )
- Dewq.;tlm : s
P ji‘““"'”“‘]—. Recyeledair, =1 e i
l . *T exchanger lﬁ- mll . ey .: :
! 2 Primary heat Tﬂ 6, . l; v 5 gl
Bleed air= cxcha;:gtr C T i ' E
(‘am||rruur T Turbine E‘? ----- :
__]!_’ Flow valve E ; “
B lemperature conirolier ¥ | Outside
________________________________
Verification of building blocks integration for ECS
(environmental control systems) models
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*

Understanding and characterization of the fire behaviour of primary structures

composite materials

* Production of a comprehensive experimental database on a reference composite material
(T700GC/M21)

* Confrontation of experimental results to state-of-the-art models and simulation tools

Development and assessment of new material solutions that mitigate risk of fire,

smoke and fumes in the cabin environment

* Development and characterization of new materials and their combinations for improved
fire behaviour of interior and structural materials

* Modelling of material degradation with respect to fire, fumes and smoke risks in the cabin
environment

Cabin air quality: using new technological opportunities to address the growing

interest in complex issues (comfort, health, safety)

* Industrial cabin air quality Framework based on Continuous Air quality Sensing (IFCAS):
feasible pathway to novel applications

* Real-time experimental methodology of air quality at normal or elevated temperatures,
for new material investigation and COTS sensor testing
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*

Understanding and characterization of the fire behaviour of primary
structures composite materials

Use models to predict primary structure fire response (stiffened curved
panels), validate by structural tests ...

Development and assessment of new material solutions that
mitigate risk of fire, smoke and fumes in the cabin environment
Increase TRL level of most promising hybrid solutions ...

Cabin air quality: using new technological opportunities to address

the growing interest in complex issues (comfort, health, safety)

Further develop IFCAS, relate to Data4Safety project ...

SAFETY | FUTURE SKY T November, 2018 | 20/20

**

* FUTURE SKY

l'* SAFETY

Acknowledgments to EU
and P7 team....
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C

Thank you for your attention !

Any Question (o the wp teaders;-)) ?
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Consortium
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Institutul National de Cercetari Aerospatiale “Elie Carafoli® Deep Blue SRL Trinity College Dublin

Instituto Nacional de Técnica Aeroespacial Technische Universitat Miinchen Zodiac Aerosafety Systems

Wazkumny a zkusebni letecky dstav, a.s. Deutsche Lufthansa Aktiengesellschaft Institut Polytechnique de Bordeaux
Totalférsvarets FOrskningsinstitut Service Technique de l'Aviation Civile Koninklijke Luchtvaart Maatschappij

European Organisation for the Safety of Air Navigation Embraer Portugal Estruturas em Compositos SA  Sistemi Innovativi per il Controllo del Traffico Aereo

. _________________________________________________________________________________________________|
http://www.futuresky.eu/projects/safety

Future Sky Safety has received funding from the European Union's Horizon 2020 research and innovation pregramme, under Grant Agreement No 640597,
This presentation only reflects the outhor's view; the European Commission is not responsible for any use that may be made of the information it contains.

Appendix B.22 “P7: Cabin Air Quality” — Ricardo Reis, Embraer Portugal

CIRA Status: Approved Issue: 2.1 PAGE 286/327

This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR.
Future Sky Safety has received funding from the EU’s Horizon 2020 Research and Innovation Programme, under Grant Agreement No. 640597.



*
Project Dissemination, exploitation and communication * ')

Reference ID: FSS_P2_CIRA_D2.14 * FUTURE SKY

Classification: Public * * * SAFETY

- * *«.y
= * FUTURE SKY

*** SAFETY

Cabin Air Quality

Ricardo Reis - Embraer Portugal
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Index

* Context and Cabin Air Quality
* Research and technology

¢ Sensors

* New Materials

* Final words
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Overall context

2xPAX/

i 2000 ] g
g . o 15years
5
E . .=
i Air Pollution in World:
. 3 .._. -lime\!\_ir Q_uqlitylndvx Visual Map
L SR =
Global Warming ,ﬁi.k"' = %{
. - e N 1
Increased air quality awareness o S
Democratization of il "
monitoring and reporting ;- ' >
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Commercial Aircraft
Executive jets
... On Demand Mobility?

Credit: newFACE: http://newface.inegi.up.pt
Almadesign, SETsa, INEGI, Embraer
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CAQ

HEALTH
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N

HEAL

OEM
SUPPLIERS
AIRLINERS
WORKERS
PUBLIC
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Working definition (FSS 7.3)

(44
Cabin air quality is the holistic

(physical, chemical, biological,
radiological) characteristics of cabin
air.

SAFETY | FUTURE SKY 07-11-2018 |
. | . <FUTURE Sk
A/C cabin: a challenging environment '

The cabin is an enclosed, complex environment, with
high density of occupants and furnishings.

- Onground: airport environment (fuel, particles,
pollution), de-icing fluids

- In flight: systems malfunction (eg, engine oil from bad
sealing), outside air (eg, Ozone@high altitude)

- From within: people (CO,, VOC/SVOC, odours),
cleaning substances, furnishings and equipment (eg,
galley, WC, ECS,...)
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CAQ: managing the A/C environment (I) ™
Cabin airfl
—— OUTSIDE
Cabin N i o
Air mixing un|t Alrhlter E\. [-60 b 50] C
IE—— Air conditioning unit
T— ~[10:100] kPa
2 Air mixed with cabin air - . .
saacuedwonacn [0 1 100] %Relative Humidity
E“”? Ozone, etc...
Aircraft engine B:aec air
INTAKE ~ COMPRESSION | | COMBUSTION EXHAUST lNSIDE
. ~N 22+2°C
3 e |~ ~[75:100] kPa
Conbusien  Toone ~[10:20] %Relative Humidity
Sowrce: FlighGlobal, Pall, Alrbus
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CAQ: managing the A/C environment (Il) ™*
Air Circulation
50% recirculation of air
recirculation by cross-sections
1 renewal every 2,3 min.
HEPA filters
Ozone catalizers
Sources: “Transmission of infectious diseases during commercial air travel “,Alexandra Mangili, Mark A Gendreau, 2005
“0On the 2-Row Rule for Infectious Disease Transmission on Aircraft,” V. S. Hertzberg and H. Weiss, 2016
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CAQ: A/Cvs buildings
Table 3
Selected | and occupational ¢ in aircraft cabins and in offices, and exposure impact.
Condition Aircraft cabin Offices Exposure impact
Contamination Bleed air: tricresyl phosphates, Cleaning chemicals, material emissions, traffic Episodic events of temporary elevated exposure
deicing fluids, disinfectants, lame  pollutants, flame retardants, and plasticizers Possible thermal degradation
retardants, and plasticizers Possible ozonolysis
Ozone, pg/m* High concentrations may occur Certain regions have high outdoor concentrations,  Higher concentrations initiate more gas- and
(100-200 pg/m’). 1/0 ratios typically 0.2-0.7, surface reactions with unsaturated VOCs producing
Use of air cleaning devices and photocopiers may gas-phase and secondary organic aerosols
add substantially to the background level, {ultrafines).
Dirty ventilation systems may emit ozone-initiated
reaction products, e.g.. 4-0PA.
Non-reactive VOCs Variety of compounds Likely to be similar patterns
Reactive VOCs (unsaturated)  High concentration of limonene  High temporary concentration from use of Temporary high concentrations of oxygenated
from drink and meal services consumer products, e.g.. cleaning agents and species may occur including, formaldehyde,
orange peel; air fresheners may be constant 4-AMCH, IPOH, 6-MHO and 4-OPA, and other
sources. species can occur,
Reactive surfaces Large surface area: high density of Moderate surface area: moderate density of The larger and the more soiled the surface the more
passengers, clothing, and textiles  workers and textile flooring ozone-initiated production of oxygenated species
(seats and textile flooring) by surface reactions, e.g., 4-OPA.
Relative humidity (RH), % <10 30-50 The lower the RH the more aqueous loss and
decrease of tear production and PTF stability. Less
stable PTF may become more susceptible to sensory
irritants.
Temperature (T), °C 20-25 20-25 High T decreases tear production from the lacrimal
gland, thus altering PFT stability.
Altitude, reduced pressure Yes Mo Reduced pressure or high altitude enhances
agueous loss from the ocular surface and skin
resulting in altered PTF,
Visual display unit (VDU) work  Pilots Yes, several hours. VDU or surveillance work alters the PTF stability by
Instrumental surveillance a decrease of the eye blink frequency.
Combustion products, No Infiltrated outdoor air, NO, particles Combustion products may alter the PTF.
eg., maffic
Peder Wolkoff, Derrick R. Crump, Paul T.C. Harrison,
SAFETY | FUTURE SKY Pollutant exposures and health symptoms in aircrew and office workers: Is there a link?, 07-11-2018 ]
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Safety/Health : fumes and odours '
EASA Study (2017) REACH
- * NLrequested TCP evaluation
* Preliminary results: (2012)
. From flight measurements (limited) :
CAQ similar or better than other * |nformation submission
indoor environments ; y
. deadline (2018)
. Causal link between fumes events and
health: addressed in FACTS *  Neurotoxity
*  Exposure
* New large scale study: FACTS . — ;
* Information questionnaires, medical
. and clinical investigations
Focus on abnormal events, 8
innovative methodology by ~ * Evaluation (2019)
simulating fume events.
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Safety/Health : fumes and odours ’

SAE

* Cabin Air Quality Measurement
Committee

* 2017, after IATA request Nov 2016

* “(..)standards for the
measurement of air quality within
the cockpit and passenger
compartments. (..) developing a
standard or standards covering
portable and/or fixed installation
sensors to quantitatively measure
fumes and contaminants that
could enter the cabin space.”

SAFETY | FUTURE SKY

BIFPORTUNITIES

A

Pressure

/ Climate

Humidity

7
/

CEN/TC 436

-

Noise \
/ N Light \ @
e.g.:
odour - \ .
removal

SAFETY | FUTURE SKY

Cabin Air Quality on civil aircraft -
chemical agents

develop European standards on
"Cabin air quality on civil aircraft -
Chemical agents" suitable for all
stakeholders including passenger
organizations, crew associations,
aircraft and engine manufacturers,
parts and components
manufacturers, airlines and OSH
(Occupational Safety and Health)
representatives.

07-11-2018 |
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Composites (higher
humidity and cabin
pressure)

Improving systems (more
electric aircraft, control
systems, ...)

Emergence new low cost,
weight and energy sensors

Improved comfort leads to
higher productivity

Picutre source: "Aircraft Interior Comfort and Design", Peter Vink and Klaus Brauer 2011

07-11-2018
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On board sensors / continuous sensing ~ ™*

Table 2. Cabin environmental quality issues relevant to stakeholders.

Stakeholder Sensor-Related Issues

Regulatory agencies Compliance with FARS and ASHRAE Standard
Aircraft manufacturers  Safety, low cost, simplicity, maintenance alerts, aircraft
ECS design improvements. ‘level playing field’

Airlines® Revenue, passenger comfort, minimal complaints, ‘level
playing field’
Crew Documenting exposures to contaminants (hydraulic fluids,

pyrolysis products, pesticides); health risks; chemical
sensitivity; compliance with standards; discomfort; access to

data
Passengers Health risks, comfort, access to data
Researchers Exposure data related to health research and aircraft design

improvements; access to data

Source: “Aircraft Cabin EnvironmentalQuality Sensors”, 2010
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On-board sensing: different approaches ™" ™™

PN, Industry
Reporting S
Network

N i
¢ - 3337 9933334 39333333339933933933.
s % 3332 3933994 33393393933933993898
T
SAFETY | FUTURE SKY 07-11-2018
CIRA Status: Approved Issue: 2.1 PAGE 294/327

This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR.
Future Sky Safety has received funding from the EU’s Horizon 2020 Research and Innovation Programme, under Grant Agreement No. 640597.



*
Project Dissemination, exploitation and communication * ')

Reference ID: FSS_P2_CIRA_D2.14 * FUTURE SKY
Classification: Public * * * SAFETY
. < FUTURE SKY
On-board sensing: human reports '

Human nose is an excellent
“sensor”;

Readly available;
Standardized Procedure;

Humans prone to subjectivity,
consistency and reliability issues.
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ICFAS: Industrial cabin air quality Framewdiire ser
based on Continuous Air quality Sensing
* Functions through interface

r. ~
* Low weigth, power, cost and reliable

<<~ 3337 2893331 § fa28R3aYAANIAANAAA,, -

Requirements:
* Interface with aircraft (future/legacy)
* Physical interfaces for sensors and operation

Astrium E-Nose
DLR projet

F® | 223> H39333% 3 3339998333933333338 .7

Uses

' * Operation: improved event detection
~ (eg., fire); ECS management
= « MRO: Operation/OEM
* Airliner/OEM: design, cabin tailoring
* Regulator: verification

JPLe-nose
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IFCAS Key enablers

;- 3333 SEEEEEN §9AARAIAAAAAAAAAAAAE. =
| 3323 3333333 33333333339333333388 7

Business cases (on board sensors, data use)
Standardization
Simulation and modeling coupled with experiment
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Materials and substances: old and new 4

APPLICATIONS TYPES

* Structural

* Isolation: thermal,
acoustic

* Composites
* Nano

I e Metamaterials
* Furnishing

s IFE
» Cleaning

* Flexible electronics
* Multifunctional
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Materials and substances: old and new *

BT .. R2 RS . P °
NanoSafety e ®
] Cluster K #
® ®
§ Modelling
Testing for aging and
g release (e.qg,
: Cranfield, FSS 7.3)
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Final words

* The aircraft works in a very harsh environment, cabin
environment is complex: knowledge is increasing;

» Existing research shows that CAQ is good, improvement
still possible (e.g., comfort );

» Different lead initiatives to clear doubts on on-board
contaminants: FACTS aims for the definitive answer;

» New technology - eg sensoring, ECS, filtering - enable
improvement. Clear value creation ID for adoption;

> IFCAS concept proposed to contribute to CAQ
improvement: follow on research needed
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Final words (2)

» Embraer pays close attention to passenger and cabin
crew safety, health and comfort. It participates in
dedicated working groups (eg, SAE, ASHRAE) and R&D
projects (e.g., FSS, direct collaboration (BR, EU, USA), in
house);

* Collaboration R&D with full value chain (academia,
RTC, suppliers, airliners, regulators) to accelerate new
technology adoption;

* Some themes for focus: sensors, standardization,
aircraft efficiency, CAQ effects on comfort, ...
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Consortium
Stichting Nationaal Lucht- en Ruimtevaartlaboratorium Civil Aviation Authority UK Russian Central Aerohydrodynamic Institute TsAGI
Deutsches Zentrum fiir Luft- und Raumfahrt Airbus SAS Ente Nazionale di Assistenza al Volo Spa
Office national d'études et de recherches aérospatiales Airbus Operations SAS Boeing Research and Technology Europe SLU
Centro para a Exceléncia e Inovagdo na Industria Automdvel  Airbus Defence and Space London School of Econemics and Political Science
Centro Italiano Ricerche Aerospaziali Thales Avionics SAS Alenia Aermacchi
Centre Suisse d’Electronique et Microtechnique SA Thales Air Systems SA Cranfield University
Institutul National de Cercetari Aerospatiale “Elie Carafoli® Deep Blue SRL Trinity College Dublin
Instituto Nacional de Técnica Aeroespacial Technische Universitat Miinchen Zodiac Aerosafety Systems
Wazkumny a zkusebni letecky dstav, a.s. Deutsche Lufthansa Aktiengesellschaft Institut Polytechnique de Bordeaux
Totalférsvarets FOrskningsinstitut Service Technique de l'Aviation Civile Koninklijke Luchtvaart Maatschappij
European Organisation for the Safety of Air Navigation Embraer Portugal Estruturas em Compositos SA  Sistemi Innovativi per il Controllo del Traffico Aereo
. _______________________________________________________________________|
http://www.futuresky.eu/projects/safety
Future Sky Safety has received funding from the European Union's Horizon 2020 research and innovation programme, under Grant Agreement No 640597,
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Appendix B.23 “P7: Material solutions to mitigate fire, smoke and fumes
in the cabin environment” — Martin Liebisch, DLR

- \ * *vy
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*** SAFETY

Material solutions to mitigate fire, smoke
and fumes in the cabin environment

Presented and prepared by Martin Liebisch (DLR)
Contributing partners: |. Roese-Koerner, J. Bachmann (DLR), F. Martaus (VZLU), G. Mirra (Leonardo)

SAFETY | FUTURE SKY # A {% LEONARDO 7 November, 2018
DLR
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Aim of WP7.2

Background
= 50% of fatalities are linked to situations where fire is involved
= |nflight or post-crash scenario

= |ncrease of commercial aircraft traffic and use of composite materials:
Contribution to safety with respect to fire related issues needed

Objectives

= Develop and utilize novel and innovative material solutions with high
potential for mitigating risks of fire, smoke and fumes in the cabin
environment.

= The scope and magnitude of proposed test plan respect industrial
safety requirements and usage of state-of-the art simulation tools

= |mprove state-of-the art simulation tools to decrease experimental
effort and to increase understanding

SAFETY | FUTURE SKY 7 November, 2018 | Z
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Outline

=  Simulation of fire testing

= Overview to Material solutions with promising FST behavior
= Geopolymers
= Fibre metal laminates

= CuFEXx facility

= Test results

= Demonstrator

= Qutlook

SAFETY | FUTURE SKY 7 November, 2018 | 3
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Simulation of fire testing
Numerical simulation to reduce experimental effort
= Simulation of flame penetration tests by coupling of CFD
and CSM analyses
= Modelling of pyrolysis to capture the reactions of produced gas
Flame penetration test CFD maodel (FlamePTM)
SAFETY | FUTURE SKY 7 November, 2018 | 4
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Simulation of fire testing
Numerical simulation to reduce experimental effort
= Simulation of flame penetration tests by coupling of CFD
and CSM analyses
= Modelling of pyrolysis to capture the reactions of produced gas
= Validation of the thermo-structural behavior shows good agreement
i I‘l[:)%] = Simulation
990 o 5 o
e e L e
| 880 600 e et S
{ 770 %500 2 o
660 5
550 u i
440 - £ 300 P
= : .
110 - 100 > ® i
0 0 ¢ -l — 8
0 50 100 200 250 300

150
Time [s]
Comparison of temperature history
between experiment (lines) and simulation
(points) at 2 positions

Comparison of temperature distribution of
simulation to burnt area of a common phenolic-
glas specimen after flame penetration test

SAFETY | FUTURE SKY 7 November, 2018 | §

CIRA Status: Approved Issue: 2.1 PAGE 301/327

This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR.
Future Sky Safety has received funding from the EU’s Horizon 2020 Research and Innovation Programme, under Grant Agreement No. 640597.



*
Project Dissemination, exploitation and communication * ')

Reference ID: FSS_P2_CIRA_D2.14 * FUTURE SKY

Classification: Public * * * SAFETY
* *
* FUTURE SKY
* = * SAFETY
Geopolymers

Low temperature processing

= |ngredients: Metakaolin, silica (SiO2), water
and ,water glass* as activator

= Manufacturing:

= High speed mixing of ingredients at room
temperature

= Wet laminating, Prepreg

= Can be worked up like common resins atlow P&
process temperatures

T Al
Processing temperatures
Service temperatures

Organic polymers I:
]
]

Geopolymers

Ceramics

100 300 600 1000 1200
Temperature [*C)]

2000

Wetpreg prepared for laminate layup
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Geopolymers: Test results

Promising FST behavior of GP
* Anorganic polysialate matrix withstands temperatures above 1000°C
= Burn through results: No fire penetration was registered at any of test

70 - B Phenolic-Glass €58
60 Bl GP-Carbon

50 -

40 370

20 -

k HRR HR ALTRRER S | i
p?:w.rmv] (KW min/im?] Phenolic-Glass GP-Carbon

Heat release rate Test of resistance to fire in designated fire zones per ISO 2685
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Geopolymers: Test results

According to ISO
Almost zero generation of toxic 2 5659-2

products or smoke wrt fire exposure =
©
g
Before testing After testing '~§
| 1§ | 2
"] d | [=]
© £
3 | &
L W Ds4  VOF4 Ds0 Dsmax  Dc
s 1 b ! B8 Phenolic-Glass
> '
& W GF-Carion According to FTI
— g = 0 354 Guideline No. 01-09
f Bl 7 Ao 2 300k 2%
< £
e S 250
8 £ 200
3 g
st S 150
g 8
100
(@]
. O 50
Specimens before and after test: GP shows almaost no

=

. . . 4min Bmin 4min Bmin i i
influence whereas phenolic resin is completely burnt off ! ! L ! 4min  8min

Spec. 1 Spec. 2 Spec. 3

SAFETY | FUTURE SKY 7 November, 2018 | 8

o *

* FUTURE SKY

“ a * ok SAFETY
Fibre metal laminates
Manufacturing close to standard processes
Metal layer

= Utilization of common prepreg autoclave CERE
curing processes

= Additional preparation of metal sheets
= Sandblasting
= Bonding agent

= Variation of metal layer thickness and metal _

layer positions investigated

Manufactured FML cross section

A Steel
—

Prepreg

Prepreg with
protective leaf

Tool-Part
separation layer

= - FML layup manufacturing
SAFETY | FUTURE SKY 7 November, 2018 | 9
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Fibre metal laminates

Developping heat barrier

=  Melting temperature of steel > 1200°C
= Decomposition of matrix creates gases
= Metal layers act as gas barrier

= Decomposition gasses are trapped
(Pillow effect) and act as insulation

= Rear layers survive within a fire scenario (no decomposition)

Pillow effect & its growth progression wrt fire exposure time

Undamaged FML Damaged FML

il Metal layers act as

Metal layer I'Il gas barrier

CFRP i i
I w Fire Air insulation
[ ‘-- between the
Loy EXPOSUI"E |a),rers

Delamination of CFRP

Possible fire scenario andmetallayers
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Fibre metal laminates

Promising FST behavior

= Variation of metal layer numbers (wrt equal metal content)

= Variation of metal layer thickness (wrt to equal number and position)

= Variation of metal layer position (wrt equal metal content and layer number)

7 —
Layer 4 ———
number 2 — L
1
L 05 mm —
thi akyer 0.25 m—m- —
ickness o e— —
outside - —
Position  inside ne— S ———

cenler

CFRP reference | Ll
0 20 40 80 80 100 120 140 160 O 20 40 60 80 100 120 140
Smoke density [-] CO concentration [ppm]
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Summary to investigated material solutions

Both, Geopolymers and Fibre Metal Laminates show significant
improvement of FST behavior (Smoke density and Smoke Toxicity)

= Geopolymers withstands the high temperatures

* FML create gasses that are trapped between the metal layers.
The resulting insulation effect prolongates rear layer life

SAFETY | FUTURE SKY 7 November, 2018 | 12

*

CuFEx facility Pl

Compression under Fire Exposure (CuFEX)
= Aim: Investigate residual mechanical performance within
a fire scenario

= New facility that allows combination of mechanical loads
and simultaneous fire exposure

Simple test protocol

= Specimen size: 120mm x 200mm

= Curved specimen to guarantee mechanical stability
against buckling

= Quasi-static axial compressive preload (50MPa)

= Fire Loading: Aperture may be used to reduce the
exposed surface

= Measurement of force and backside temperature
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CuFEXx facility

Hydraulic cylinder
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CuFEXx facility

Specimen backside prepared
with thermocouples
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CuFEXx facility ’

Failed specimen after testing
with aperture ~ fNFailed specimen after testing

Specimen backsle
H after testing g -
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*

CuFEx test results

= CFRP Reference failing after = 15s

=GP failure after = 25s @ 20MPa due to
stability failure

= FML failure after = 55s @ 50MPa
introduced by delamination at free
edges

E
E
=
@
E
@
[+]
@
o
=]
(a]

Delamination results in leakage of Specimen front after testing,

insulating gas stability failure visible at specimen
edges
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Demonstrator

= Fire tests were conducted to demonstrate the improved FST behavior of
aircraft structures through materials investigated within FSS compared to
common materials

= Interior structures: Common: Phenolic-glass compared to GP-carbon
= Primary/ secondary structures: Aluminium compared to FML

Aluminium: Burn-through
after approx. 1min

Phenolic-Glass: Completely
ts decomposed matrix

FML: No burn-through
or decomposition on
the inner side

GP-carbon: Almost no
reactions resulting to fire

SAFETY | FUTURE SKY 7 November, 2018 | 18
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Outlook
Geopolymer
= Development of GP-based honeycomb for heat resistant sandwich
structures
= Development of GP composites containing ductile layers to improve
toughness

Fibre-metal-laminates

= Further investigations to derive weight-optimized FML layups wrt
multiple design aspects (FST, fatigue, impact etc.)

= [nvestigate the promising insulating effect of a FML skin for more
representative stiffened structures for combined mechanical & fire
loading
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Consortium
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Centro para a Exceléncia e Inovagao na Industria Automdvel  Airbus Defence and Space London School of Econamics and Political Science
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Centre Suisse d’Electronique et Micratechnique SA Thales Air Systems SA Cranfield University
Institutul National de Cercetari Aerospatiale “Elie Carafoli® Deep Blue SRL Trinity College Dublin
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Appendix C Posters

“P1: Coordination
Research”

Appendix C.1

Dissemination, exploitation and communication
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Institutionally Funded Safety

* *-y
**FUTURE SKY

* SAFETY
*

Project #1

CODORDINATION OF INSTITUTIONALLY

FUNDED SAFETY RESEARCH

COORDINATION OF INSTITUTIONALLY FUNDED SAFETY RESEARCH

The focus of P1 is to increase awareness of
content, results and ambitions of EREA safety
research activities, to coordinate the
institutionally funded safety research,
structure it around the European safety
research priorities and to create cooperative
research projects within EREA. This goal is
achieved by producing annual Aviation Safety
Research Plans (ASRPs) for the participating
EREA institutions. These ASRPs drive
coordination of institutionally funded safety
research by identifying new research topics
and missing links. Thereby, future duplication
of effort and resources are identified and
avoided and current initiatives are put on a
common and more robust path.

Results:

* Coordination Workshops (nearly 100 scientists &
6 representatives from the European
Commission participated)

* Communication Platform for EREA partners (with
currently more than 180 publications)

* Personnel Exchanges

* Annual Aviation Safety Research Plans

+ Annual assessment of safety research projects
in EREA establishments

* Review of European Safety Roadmaps

* EREA Program Manager Survey

* Quantitative evaluation of P1 achievements and
leverage effect

* Generic Collaboration Agreement

* Cooperation activities include:

*  Rotorcraft landing on ships (CIRA, DLR, NLR &
ONERA )
*  Human Performance Envelope in the ATC

&

SHERA

Palaiseay 7 funare Sky Sshety Workshon; 01 - 02 Febnary 2017

Trend analysis for main categories of safety activities (EREA survey)

Years
W zors
s
s
W o

Bt

M.

Percent

i 3 y i
3 4 - 5 g :

context (CSEM & DLR) s 5 ¢ = £
i i

*  RPAS safety roadmap (CEIIA, CIRA, DLR, INTA, & - = " £

NLR 8( ONERA] SKYbrary main categories
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Appendix C.2 “P3: Improved operational capabilities on contaminated
runways”

e * vy Project #3

SPECIFIC SOLUTIONS

* FUTURE SKY FOR RUNWAY EXCURSION

AIRBUS D&S IN FSS: SOWING THE SEEDS FOR IMPROVED
OPERATIONAL CAPABILITIES ON CONTAMINATED RUNWAYS

Airbus D&S has participated in three Work
Packages of Project 3, devoted to safety
improvements during the landing phase.

Jointly with NLR, Airbus D&S conducted a test
campaign with A400M during 2017, The aim was to
characterize the braking friction at tire level, in
contaminated conditions (15 mm standing water).
Results showed strong correlation with previous
Cessna tests, carried out by NLR at the same
facilities. Additionally, it was possible to characterize -~
the aquaplaning phenomenon, and to estimate ]

aquaplaning speed. i ’ -~—-h,_“||
Both constitute crucial starting points for potential ! ; |
refinements of AMC 25.1591 braking friction curves i FHpEE

and aquaplaning models. - o

The presence of runway contamination is also one of Lt el
the leading factors in the development of veer-offs, b=
particularly during landing.
Despite their risk, the low frequency of such events Y =, o O s O
(less than 1 % of landings) hinders their modelling o
and, therefore, the ability to predict them.

Airbus D&S has tested the applicability of an
innovative machine learning technique, called
RUSBoost, in the prediction of rare incidents, such as
veer-offs. The results achieved with this technique

Suceess Rate (Racall] of Viear-off Prediction

(success rate beyond 70% and training times below Fey [Recalign |RocatL ok Trining tima

20 s) demonstrate its potential to predict these 1000trees + LA=0.L | 76% |rex  [azs

events, for eventual use in on-board applications. 10000treess LR=0.1 |70.6%  (799% (217
1000trees + LR=0.01 [735%  [B4%  [237s
10000 trees + LR=0.01 76.5% ETSQ‘K _Jﬂs
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Appendix C.3 P3: OPHELIA tool to predict runway water
H H ”
contamination
* *vy Project #3
SPECIFIC SOLUTIONS
* FUTURE SKY FOR RUNWAY EXCURSION
* * SAFETY ACCIDENTS
x
OPHELIA: a new tool to predict runway water contamination
Various concepts and initiatives to prevent Among these components, OPHELIA has been
runway excursions have been studied developed by the French Civil Aviation Techni-
within Future Sky Safety project P3. Be- cal Center (STAC) and the French Center for
cause inaccurate knowledge of the runway  Studies and Expertise on Risks, Environment,
contamination status ranks among the Mobility and Planning (Cerema) to enable the
main factors contributing to runway over- modelling of wat‘_er flows and the prediction of
runs, a concept combination for the assess- water accumullatlwn areas. First, runway sur-
ment and prediction of water depth on face characteristics (curv.a.!ure, slgpe_s, texture}
runway surface has been produced. In this are collected by a spemﬁc.momtorlﬁg device
concept, weather (rain, wind...) forecast at called VANI. Then, a numerical mapping of the
s 2 o runway surface is generated for the computa-
the airfield, water flows modelling on the §
runway surface and aircraft braking action Mion CEOWE S PR S many stnensts SORN o
V; ti ot | gd ¢ tors. Finally, local rain intensity predictions are
LOMPUALION Safs (Lo |ne_ £ N7 Orcer used to predict water depth over the runway
re_ach better runwa"f condition awareness surface. OPHELIA is currently under experimen-
within the next 30 minutes. tal validation at two French airports. Further
improvements could be made by implementing
THALES new phenomena, such as drying or wind ef-
O fects, into the model.
* Rain rate over the ru
w and fumction of the time (X, ¥, t) a
“Wina OPHELIA ¢
Software Sl
Wates depth
medetng
[ — STEEPEST ::lm
e, it W Standing wate (X %.2) F SLoPe Rore
RAN INTENSITY TERRAIN B2 Bl FLOW MODEL
MODEL n
oerm
s =
portion identied [X. Y] *
FUTURE SKY SAFETY PROGRAMME PARTNERS INVOLVED X
S T S ™ s e e dgac
Mlmﬁy_&m“ e agr AIRBUS, DLR, THALES
STAC
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Appendix C.4 “P3: Risk assessment of veer off during landing”

* y Project #3

SPECIFIC SOLUTIONS
* FUTURE SKY FOR RUNWAY EXCURSION
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*
RISK ASSESSMENT OF VEER OFF DURING LANDING
The purpose of study and the data considered INITIAL DATA FOR ANALYSIS

The purpose of this work is to evaluate impact of external

factors affecting veer off risk and to get knowledge how

to reveal the situations leading to sufficiently increased

risk under actual conditions of landing.

The basic factors considered are the following:

- RWY surface contamination type (categorical
parameter);

- season (categorical parameter);

- crosswind speed (continuous parameter).

There are considered as veer off preconditions the values

of some parameters in some checkpoints of landing

trajectory.

The subject of processing are the raw data of on-board

parametric recorder and METAR data base containing  HowTo MEASURE THE “QUALITY” OF LANDING RUN?

information about the weather and RWY surface = nefze
conditions.

I;‘ﬂ
Metrics of landing run I g—— |
1 I Il._

Despite the fact that (generally) frequency of veer offis = ~
high enough, it is very difficult in practice to form a

'O’ff’d'o‘f

representative sample of data suitable for processing ALTERNATIVE METRICS
based on the methods of applied mathematics. i nefeem Tl i
There is proposed some approach of solving the problem, "
when the risk of veer off is estimated basing on the ="
analysis of successful landings. There is utilized for this I I I._
purpose new metrics of landing run named as TS "o
“Trackindex - TI” which characterizes somehow the METRICS INTERCONNECTION

T " 045

deviation of actual landing from its ideal form. It is
assumed that the higher value of the metrics corresponds
to the greater risk of veer off.

There are taken into consideration a few versions of
proposed metrics based on such parameters as: lateral
deviation from the runway axis (Tl,), lateral load factor
(Tl,,;), and rudder pedals position (Tl,).
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SPECIFIC SOLUTIONS
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*

RISK ASSESSMENT OF VEER OFF DURING LANDING

RUNWAY CONTAMINATION IMPACT

Assessment of risk factors and precursors for veer off events

The degree of influence of the considered parameters on
landing run metrics may be evaluated by regression methods.
The influence of categorical parameters at the metrics value
was assessed by using Mann-Whitney test, and the influence
of continuous parameters — by Spearman's correlation
coefficient.

There are revealed:

— anincrease of Tl, metrics value on a snow-covered runway
(compared with dry and purified one);

— anincrease of the Tl , and Tl,, metrics with an increase in
the standard deviations of bank angle or/and yaw angle at
the checkpoint on the glide path at a height of 200 feet.

Season influence on the metrics were not found (even in

Russian climate).

The results obtained do not contradict data base of

observations.

Runway contamnation

Abnormal landings identification as a way to prevent aircraft
veer off events

If to assume for considered set of landings, that in each

current vertical plane perpendicular to RWY axis flight

parameters are distributed according to normal law, it is
proposed the following algorithm of current situation
assessment:

- if the flight parameters belong to multidimensional “tube”
of o width, then the approach may be considered as
normal (safe);

— if one of the flight parameters is outside a “tube” of 2o
width, then the approach is considered as “abnormal”. x

Various machine learning methods may be used to build a -

multi-dimensional model describing distribution of flight

parameters and landing conditions (meteorological and RWY
surface conditions) and to detect abnormal landing
approaches.

There was used in TsAGI (in particular) the method of

describing the multidimensional envelope of flight parameters

variations with a mixture of Gaussian distributions (Gaussian b

Mixture Model - GMM).
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Appendix C.5 “P4: Enabling improved safety management”

* > Project #4
.. TOTAL SYSTEM RISK
* FUTURE SKY ASSESSMENT

**‘k SAFETY

ENABLING IMPROVED SAFETY MANAGEMENT

Main Objective
~ Develop an advanced support tool for Total
Safety Management in Aviation

Challenge
~ Connecting data and models from different
sources and origins

Results
» a prototype Risk Observatory (RO)
* Acquiring, fusing and structuring safety data
* Translating data into actionable safety intelligence
= Suiting Safety Management
~ an Integrated Risk Assessment Framework
®  Occurrence Dashboard
* Risk Dashboard
® FDM-data for Safety Performance Indicators
*  What-If-Scenario’s
~ aBusiness Model
* How to make RO successful ?

Exploitation Aspects
~ Centralized RO & Framework delivery &
maintenance
= RO parts like Runway Excursion & Mid-Air Collision back
bone models
® RO complementary to other initiatives like DatadSafety
Defined Safety Performance Indicators
Enabled Risk Analysis
Provided Safety Intelligence
Applied different data sources (across different domains) sk
and results of “Big Data” techniques
. ® Total (Aviation) System Risk derivation approach R A =
~ Risk Observatory Organisation (ROO) to be set up | At
= Creating a Central Safety Intelligence Organisation S e 3
~ Potential Stakeholders: et P [y 2%
= ANSPs, Airlines, Airports, Regulators and Authorities, —— RES ktF X ¥
Ground Service Providers, MRO, Manufacturers (OEMs), . - - =
Accident Investigation Boards & many other e
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Appendix C.6 “P5: Safety Culture”

* * . >
* FUTURE SKY

* SAFETY
*

x X y
* FUTURE SKY

** SAFETY

WP3 - SAFETY CULTURE

OBJECTIVE: To develop a method for assessing
and reporting on safety culture across the
whole aviation system, with areas for
improvement being identified and tailored to
different operational contexts.

HIGHLIGHTS:

European Cockpit Association (ECA)

>7,000 responses

* Qverall, Safety Culture is good

* Pilots are concerned fatigue is affecting their
performance and >50% feel their companies do
not take the issue seriously

* Pilots on temporary, cargo and low cost airline
contracts generally have poorer safety culture

* EC, regulators, airlines and pilot associations
need to consider the results and determine
ways forward

Surveys with two major European airlines

+ A safety culture survey was carried out for
easylet, leading to an internal action plan

* A safety culture survey was carried out for KLM,
eliciting more than 11,000 replies.

The Luton safety culture ‘stack’

Six parallel safety culture surveys were carried out
at Luton Airport in the UK. This has led to ongoing
collaboration to improve safety culture at LTN.

Project #5
RESOLVING THE
ORGANISATIONAL
ACCIDENT

ECA

Pikotina Safety

} Communiatn and
/é Learning
Colleapas commitmen

o salety

Bk mancng

LONDON LUTON

Air Traffic Control (NATS)

Airlines (easylet)

Airport (London Luton Airport)
Ground-Handling, Fire & De-lcing Services

Outcome: The Stack approach allows
organisations to learn from each other, and to
overcome safety ‘blind-spots’ at their interfaces.
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Project #5
RESOLVING THE
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ACCIDENT

A Prototype Interactive Safety Dashboard for ENAIRE
(Data shown are illustrative only, and not actual data)

In the context of the Future Sky Safety P5
exploitation action on Safety Intelligence,
we further developed the work started in
2016 on Safety Dashboards (SDB) for
ANSPs executives.

In January 2018, EUROCONTROL launched
a series of workshops to present the first
static prototype of SDB designed with the
help of a small user group of 6 ANSPs, and
continue the discussion about safety data
visualisation.

ENAIRE, the largest Spanish ANSP,
volunteered for partnering up with
EUROCONTROL and Deep Blue to develop
a full-scale interactive SDB.

We kicked off the work in May 2018, meeting
ENAIRE safety staff to understand their current
SDB, collect their needs and produce a first
sketch of the future SDB.

Deep Blue worked on the software
development of a first prototype and shared it
with EUROCONTROL and ENAIRE in August
2018, to receive feedback and steer the
functional and visual design accordingly.

In addition to the front-end visualisation
aspects, the remaining work will take care of
the back-end by automating data feed into the
dashboard, thereby streamlining the
connection to the multiple data sources in use.
The final goal is the release of a fully functional
SDB by the end of December 2018.

* *vy
* FUTURE SKY

*** SAFETY

interactive safety dashboard for
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Appendix C.8 “P5: Organisational capability of agile response to crises”
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ORGANISATIONAL CAPABILITY OF AGILE RESPONSE TO CRISES

Aviation is a highly inter-connected system of
systems. This means that a problem in one
area may cause effects in other countries or
parts of the Air Transport System (ATS). For
example, a fire at a major hub can cause
disruption over a large part of Europe.
Additionally, there is the potential for massive
system-wide events such as occurred during
the volcanic ash crisis in 2010. What is needed
in ATS crisis situations is not only rapid
coordination, but an agile response.

FS5 WP5.4 provides aviation organisations
with Agile Response Capability (ARC)
guidance material, to help organisations set
up, exercise, and evaluate more adaptive and
flexible organisational structures for handling
disturbances and crises, and pro-actively and
retrospectively analyse actual events.

Agility, like resilience, refers to the ability to
cope with dynamics and complexity in a
flexible manner, by adjusting and adapting
performance and the organization of work to
better fit changing demands, both pro-actively
as a way of preventing unwanted outcomes,
and re-actively as a way of coping with, and
understanding, unwanted events.

The ARC approach consists of the ARC
Method for EXercise planning (ARC-MEX) to
aid staff responsible for the planning and
analysis of crisis exercises, and the ARC Crisis
Operations and Plan Enhancement (ARC-

COPE) aimed at staff responsible for [ AP Fasponss Capabiity approsch: ARC MEX and ARC-COPE ]
developing preparedness or crisis plans and N
Rogier Woltjer (fagier wo't e @i ] Brorn | E Iohamison, Per-Anders Orkarsson, snd
analysms paﬁ events. Pater Sumnenarc, FOI and Barry Krwan, EURDCONTROL together with WPS. & partner
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ORGANISATIONAL CAPABILITY OF AGILE RESPONSE TO CRISES

Agile Response Capability:
Method for EXercise planning
(ARC-MEX)
| F55WPs.y ©FOl, 208 |

ARC method as part of ARC-MEX

ARC methodology
a3 part of ARC-COPE

" Agile Response Capability: Crisis Op and Plan Enh ]
(ARC-COPE), F55 WPs.4, © FOI, 2018

Rogier Woltjer (togier wotier i se ). Biém JE johansson, Per-Anders Oskarsson, and
Peter Svenmarck, FOI. and Barry Kirwan, EUROCONTROL together with WPS.4 partners
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ORGANISATIONAL CAPABILITY OF AGILE RESPONSE TO CRISES

Agile Response Capability:
Method for EXercise planning
(ARC-MEX)

FSS WP5.4 © FOI, 2028
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Appendix C.9 “P7: Improved material solutions to mitigate fire, smokes
and fumes”
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Improved material solutions to mitigate fire, smokes and fumes

Geopolymers (GP) — inorganic aluminosilicate polymers

= Low temperature processing

= \ery high temperature stability

= Significantly improved FST behavior

= Very good residual integrity of GP fibre composites after
fire exposure

= |nvestigated GP composite systems:
= Monolithic & sandwich structures incl. GP-foam
= Carbon fibre reinforcements, recycled carbon fibres (rCF)
= Natural fibre reinforcements (flax fibres)
= Hybrid GP/phenol composite systems

Demonstratar parts.
after fire exposure

carbon fabric
recycled carbon fibres
flax fabric

® phenalic-CF
Ll " GP-CF-ArF

-
GP-CF
Ds, _ :
™ Improved FST behavior of
Carbon fibre GP composite

GP laminates compared to
g ”ﬁ'ﬁ @h &’P éeﬁ -§F common phenolic laminates structure after fire exposure

Layup of GP panel
demonstrator - natural fibres
and recycled carbon fibres applied

Fibre Metal laminates (FML) — CFRP laminates reinforced by metal layers
= Steel layers do not melt and act as gas barrier
* Trapped decomposition act as thermal insulation (pillow

effect)

= Significantly improved FST behavior

= Prolonged mechanical performance within a fire scenario, [IRPE
generated by intact back side layers e

Damaged FML
1 Metal layers act
‘as gas barrier

Gas insulation
between the
layers (pillow
effect)

= Intact CFRP layers

exposure

Increasing size of insulating gas
Delamination of CERP pillow wrt to fire exposure duration
and metal layers FML test in

M the CuFEx facitlity

FUTURE SKY SAFETY PROGRAMME PARTNERS INVOLVED
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Appendix C.10 “P7: Mitigating risk of fire, smoke and fumes”

% * 'y Project #7

MITIGATING
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*

MITIGATING RISK OF FIRE SMOKE AND FUMES

Understanding and characterizing the fire behaviour of primary structures composite
materials

Production of a comprehensive experimental
database on a reference composite material
(T700GC/M21)

D7.4 Primary structure materials ~ Test Results (first batch), 2016

D7.7 Primary structure materials - Test resuits {2nd batch), 2017
Confrontation of experimental results to state-of- : 1
the-art models and simulation tools .

D7.9 Primary structures materials - Models for fire behavior, 2017 d ofte . on the back surface
of a compasite laminate exposed to fire (FIRE facility @ONERA)

Development and assessment of new material solutions that mitigate risk of fire, smoke
and fumes in the cabin environment

Development and characterization of new materials
and their combinations for improved fire behaviour
of interior and structural materials.

D75 New materials for fire protection in cabin environment ~ Test results first batch,
2016

D7 8 New materials for fire protection in cabin environment - Test results second batch,
2018

Modelling of material degradation with respect to
fire, fumes and smoke risks in the cabin
environment.

D7.10 Materials for cabin environment protection - Models for material degradation ,
208

Example of ..

Cabin air quality: using new technological opportunities to address the growing interest in
complex issues (comfort, health, safety)
Industrial cabin air quality Framework based on
Continuous Air quality Sensing (IFCAS): feasible
pathway to novel applications

Real-time experimental methodology of air quality
at normal or elevated temperatures, for new
material investigation and COTS sensor testing

Left: IFCAS concept architecture (cabin/cockpit pictures Embraer)

Right: i I ch isation of gas emissions at elevated
D7.6 On-board air quality: Uiterature review and methodological survey, 2016 temperatures in real-time using commercial gas sensors and thermal
D7.14 On-board air quality — Final report on the effect of new materials, 2018 desorption tubes

FUTURE SKY SAFETY PROGRAMME PARTNERS INVOLVED @ AIRBUS ' LEONAROD o EMBRAER

po
and IRACVAtIoN Programme Under grant agreement Mo 640357 ONERA 6[; g = G
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Appendix C.11 “P7: Understanding and characterizing the fire behaviour
of primary structures composite materials”
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Understanding and characterizing the fire behaviour of primary structures
composite materials

Objectives

Enhance knowledge concerning the fire behaviour and performance
of CFRP primary structure materials

(O]

Produce a comprehensive experimental database on a reference
composite material (T700GC/M21)

Share the results within the European research community

Confront experimental results to state-of-the-art models and simulation tools

Main achievements

Thermal properties and pyrolysis behaviour:
Experimental characterisation of: Arrhenius coefficients, heat of reaction, Study of the evolution of the me(namcal properties with respect to the
stoichiometric coefficients, gas properties, thermal conductivity tensor, environmental temperature

specific heat, mass fractions, density.... [ ]

@ orsecomesu -1

Birec €€ inpection

Optical Camara for DIC

i 3 Inject facility used to study the influence of the high temperature on
: Ry m“":d Lo 0':':“ '°i:_""“"":’ thermal properties the fracture toughness of composite materials
(thermal conductivity tensor and specific heat) of composite laminates — o L e e = 0 I
07.8-» G, Leplat, &. Deudon, €. Huchette, G. Porsemont, £ Delesombe, G. Roger | Berthe. Puture ‘4 Mavel, G. Portemont, P Reule, 4. Paiacios, . Tejerna, | Hodgkinson, € Lourenga. Future Sky Safety - 0.7
Sy Safaty — £17.4 Pramary stnacture materiaks - Test Rwsudts (irs batch], 2016 iy 5ructune matecials - Tt results (2nd baech|, 2037

Fire behaviour: Numerical simulation tools:
* Then hanical resp of composite panels exposed to fire = Confront of experimental fire tests results to state-of-the-art
= Standard fire tests models and simulation tools.
* Analysis of the effect of combined structural loadings: tyre debris * Particularisation of modelling to specific structural fire tests (150 2685,
impact/structural loads + FIRE exposure. required for certification) to minimise testing loops.
. _ .
I ﬂ ﬂ
i
0 tion of on the back surface of a Example of 8

composite laminate exposed to fire (FIRE facility ONERA) simulation tools
Mo detads: 07.7 - T Batmalle. | Berthe, P Besuchéne. V. Basi, & Dewdon, C Huchette, P Lapeyronnie. G. Leplat,
& Mavel, G Portemont, P Reulet, A Paia0os, B Teenng, | Hodghinson, C. Lourenco. Futare Sy Safety - 07.7 | Ao detagls. D79 -> & Palacios, # Teperina, V Biasi, G Leplat, M L Rodrgues Future Sky Safety - D79 Primary
Brimary mrucrirs matarists - Test susuks (3ad batch), 2013 Saructures maseetals - Mascels o frw babaior, 2017

t of Numerical simulati
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Appendix C.12 “P7: Cabin air quality”

e * vy Project #7

MITIGATING

* FUTURE SKY THE RISK OF FIRE

*** SAFETY SMOKE & FUMES
CABIN AIR QUALITY JE————
New aircraft architectures and technology PR —WTJ e 1 T ¥

developments - such as new materials, filters i = -
and electronics miniaturisation - providean ||
opportunity for reviewing and enhancing

cabin air quality.

In line with the globally increasing awareness

of air quality, there is a growing interest to
address complex cabin air quality issues
(comfort, health, safety). In this context, the
main achievements are:

Industrial cabin air quality Framework based _
=

on Continuous Air quality Sensing (IFCAS)
proposed:
. Ffeasibli-.j pa_th\f\.lfa\i.lr to address complex cabin ls _“!! “.m
air quality issues I 3232 1BRRQRE -
* Well-placed network of distributed low [ o ]
power, low weight sensors across the cabin s
* |FCAS data for different time-horizons: -
* Prognostic and condition-based health
management
* Evidence-based answers to concerns
* Improve comfort and better design the air

horiMid berm
MROACperaton e

on {CEMa Cpmrmion

Real-time experimental methodology of air
quality at normal or elevated temperatures
developed for:

* New materials investigation

* COTS sensors testing

Recommendations for:

* Cabin air quality assessment guidelines

* |FCAS maturation with wider stakeholder
involvement (1]44.Ym et ., : P —

v Buitd. Sirmd, vol. 9, no. 4, pp. 439
468, 2016

FUTURE SKY SAFETY PROGRAMME PARTNERS INVOLVED
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‘actors — Complexity of

light Procedures (IFPs)
W vs. o d on
:ﬁ Dlsp;tdl 4

« Clarity and consistency of PF/PM
roles in reviewing IFPs
Environment Factors
+ Terrain
+ Traffic
« Weather (Wind or IMC)
« Prohibited airspace

tics
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