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Abstract
On 28 and 29 April 2015, the Second OPTICS Expert Workshop was held at ONERA in Toulouse. The
event was attended by 50 experts in aviation safety. Their task was to determine the major Research &
Innovation (R&I) priorities for aviation safety, to consider the research pathway laid out by ACARE’s
Strategic Research & Innovation Agenda (SRIA), and then to determine if any significant research
avenues were missing. The focus of the Workshop was on four focal areas grouped together in a cluster
called ‘Air Vehicle Operations and Traffic Management’: autonomous systems, use of data, self-healing
and weather.
This document reports on the set-up and results of the Second OPTICS Expert Workshop, detailing the
issues identified and the resultant priorities arising.
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Executive Summary
Flightpath 2050 sets out the vision for the ambitions of European aviation transport over the next
three decades. In order to realise this vision, the Advisory Council for Aviation Research and Innovation
in Europe (ACARE) called on hundreds of experts from across the Aviation Transport System (ATS), and
developed a roadmap called the Strategic Research and Innovation Agenda (SRIA). This roadmap lays
out what needs to be done, in three timeframes (2020, 2035 and 2050) for all five pillars of the vision,
one of which considers safety and security.
OPTICS (Observation Platform for the Technical and Institutional Consolidation of research in Safety) is
a European Commission-funded project that monitors to which extent Research and Innovation is on
track in realising the safety part of the SRIA, and realising the specific safety goals of Flightpath 2050.
This document reports on the Second Expert Workshop organized by OPTICS. The event was held on
28 and 29 April 2015 in Toulouse and was attended by 50 experts in aviation safety. Their task was to
determine the major Research & Innovation (R&I) priorities for aviation safety, to consider the
research pathway laid out by ACARE’s SRIA, and then to determine if any significant research avenues
were missing. The focus of the Workshop was on four focal areas grouped together in a cluster called
‘Air Vehicle Operations and Traffic Management’: autonomous systems, use of data, self-healing and
weather.
The Second OPTICS Expert Workshop succeeded in finding a top ten of priorities for research
directions for the four focal areas. The top ten is structured around the following four ‘driving forces’
in aviation and aviation research today:
 UAS/RPAS integration into airspace is coming fast, but we are hardly prepared, and have an
insufficient research basis for its integration.
 Real-time data analysis on human and system behaviour, including the performance of the
human-automation team, should offer significant safety advantages.
 The necessity to improve the resilience of the air transportation system, and in particular the
safety performance, as the socio-technical system grows in complexity.
 The integration of resources, knowledge and advanced technologies is now a must to ensure
safe, fair and cost-effective aircraft operations under adverse weather conditions.

The resulting top ten of priorities for research directions is given below. The first four represent the
top priority in each of the four focal areas.
1. Develop a new CONOPS that accommodates the rapidity and scale of developments occurring
with RPAS/UAS and their impending integration into airspace.
2. Develop real-time data analysis capability of human and system behaviour, and their
interactions, in order to detect precursors to adverse events and initiate protective measures
before safety margins are affected.
3. Demonstrate the safety benefits to aviation and air transportation through the application of
resilience in complex socio-technical systems. In particular, address what is understood by
resilience within the complex socio-technical system that is the air transport system, and how
this system’s behaviour may be modelled, measured and improved.
4. Increase the resilience of operation in adverse weather conditions by making possible shared
understanding of weather hazards and cooperative building of weather awareness.

OPTICS is a Coordinated Action funded by the European Union Seventh
Framework Programme (FP7-AAT-2013_RTD-1) under Grant Agreement n° ACS3-GA-2013-605426.
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5. Derive a new and more agile V&V (Verification and Validation) approach for RPAS/UAS, one
that includes in-service validation.
6. Develop advanced models of shared situation awareness and collaborative and dynamic
decision-making for fully-integrated RPAS/UAS systems.
7. Determine the success factors in automation and its development cycle that lead to human
trust in automation.
8. Insights from data analysis should be fed back into design, but this is rarely done except in long
time-frames. This has led to a gap between ‘systems-as-designed’ and ‘systems-as-used’. A
new, fast-track system for feeding back operational data into design needs to be developed.
9. Develop affordable technologies to go beyond current flight limitations in adverse weather
conditions.
10. Use the weather knowledge in the decision chain to optimize the interest of each aviation
actor while ensuring safety and global fairness.
Further analysis of these top priorities shows that there are three recurring themes:
Enabling future operations with advanced technology. Advanced technology is available, but nontechnical issues stand in the way of full spread implementation, and technologically advanced systems
require rethinking on how we verify and validate safety.
Resilience. Making aviation resilient to non-nominal situations is a recurrent theme, yet it remains
unclear as to what is understood by resilience within the complex socio-technical system that is the air
transport system, and how this system’s behaviour may be modelled, measured and improved.
Data and information. This is the most recurring theme. Sharing data over stakeholders is believed to
be a top priority, e.g. advanced weather data can be distributed to the relevant actors in order to
increase weather hazard awareness.
The Second OPTICS Expert Workshop also pinpointed several gaps in the SRIA. Although the SRIA
foresees the need for a safety framework that ensures equity in access to airspace by all air vehicles, it
does not acknowledge the need to develop a new CONOPS to accommodate that integration. Future
V&V needs pinpointed in the SRIA focus on the need for standardization, but do not highlight the
needed derivation of new and more agile V&V approaches for RPAS/UAS that include in-service
validation. Automation is extensively covered by the SRIA, however, the idea of determining success
factors in automation and its development cycle that lead to human trust in automation is not yet
covered. The SRIA does not contain research needs for a move from process-based maintenance to
evidence-based maintenance. Finally, the SRIA lacks research related to the needed skills of software
engineers.
The Second OPTICS Expert Workshop fulfilled its aims in highlighting and prioritising research goals in
the area of Air Vehicle Operations and Traffic Management. The findings will be presented back to key
Stakeholders at the Second OPTICS Dissemination Event in April 2016, as well as to the ACARE Working
Group 4 on Safety and Security, to help inform the SRIA and the European Aviation Safety R&I agenda.

OPTICS is a Coordinated Action funded by the European Union Seventh
Framework Programme (FP7-AAT-2013_RTD-1) under Grant Agreement n° ACS3-GA-2013-605426.
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1. INTRODUCTION
Flightpath 20501 sets out the vision for the ambitions of European aviation transport over the next
three decades. The vision includes five principal pillars (Figure 1). In order to realise this vision, the
Advisory Council for Aviation Research in Europe (ACARE) called on hundreds of experts from across
the entire Aviation Transport System (ATS), and developed a roadmap called the Strategic Research
and Innovation Agenda (SRIA)2. This roadmap lays out what needs to be done, in three timeframes
(2020, 2035 and 2050) for all the pillars.

Figure 1: the five pillars for ACARE’s Flightpath 2050 Vision

OPTICS (Observation Platform for the Technical and Institutional Consolidation of research in Safety)3
is a European Commission-funded project that monitors to which extent Research and Innovation is on
track in realising the safety part of the SRIA, and realising the specific safety goals of Flightpath 2050.
Basically, OPTICS asks two simple questions:



Are we doing the right research for aviation safety?
Are we doing the research right?

OPTICS runs from September 2013 – September 2017. Over this four-year period it analyses ongoing
and completed projects in segments of the aviation safety research, including EC Framework 7
1

http://ec.europa.eu/transport/modes/air/doc/flightpath2050.pdf

2

Available on http://www.acare4europe.com/sria

3

See http://www.optics-project.eu/
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(OPTICS year 1), Horizon 2020 (e.g. Future Sky Safety) and institutional programmes (e.g. SESAR and
Clean Sky) in year 2, European national Research and Innovation R&I in year 3, and international R&I in
the final year. This form of analysis is called ‘bottom-up’ in OPTICS, as it is analysing ongoing projects
assumed to be contributing to the SRIA.
As well as analysing ongoing projects in these segments, each year there is an Expert Workshop
focused on a specific area within the SRIA. These workshops are important as they may detect areas
missing from the SRIA and point out that certain ‘Boundary Conditions’ may have changed, or may
simply give a sharper focus on research priorities, or warn of research ‘dead-ends’. Because these
workshops are consulting experts at the top of their fields, the workshops are seen as ‘top down’. They
are also not constrained by the existing SRIA, and serve to validate the SRIA or suggest where it needs
amendment or enlargement.
These two approaches – bottom-up and top-down – cumulatively maintain a comprehensive picture of
the safety R&I that can help deliver Flightpath 2050 safety goals. Together, via the annual OPTICS
dissemination events and other activities, they inform the aviation community and research
organisations on where we are doing well, and where we need more or different efforts.
The specific safety goals in Flightpath 2050 are as follows:
1. Overall, the European air transport system has less than one accident per ten million commercial
aircraft flights. For specific operations, such as search and rescue, the aim is to reduce the
number of accidents by 80% compared to 2000 taking into account increasing traffic.
2. Weather and other hazards from the environment are precisely evaluated and risks are properly
mitigated.
3. The European air transport system operates seamlessly through fully interoperable and
networked systems allowing manned and unmanned air vehicles to safely operate in the same
airspace.
The accompanying vision from Flightpath 2050, with respect to safety, is shown below:
In 2050, European aviation has achieved unprecedented
levels of safety and continues to improve. Manned,
unmanned, legacy and next generation, autonomous
aircraft and all types of rotorcraft operate simultaneously
in the same airspace and in most weather conditions. A
holistic, total system approach to aviation safety is
integrated across all components and stakeholders. This
is supported by new safety management, safety
assurance and certification techniques that account for all
system developments.
The occurrence and impact of human error is significantly reduced through new designs and training
processes and through technologies that support decision-making. Just culture has been adopted
uniformly across Europe as an essential element of the safety process. Advanced on-board
monitoring systems allow the aircraft and air transport system to predict and mitigate technical and
operational issues, including weather, before they arise.

OPTICS is a Coordinated Action funded by the European Union Seventh
Framework Programme (FP7-AAT-2013_RTD-1) under Grant Agreement n° ACS3-GA-2013-605426.
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2nd Expert Workshop: From Hazard Management to Operational Resilience
This document reports on the Second Expert Workshop organized by OPTICS. The first, held in
EUROCONTROL on 3rd July 2014, focused on Human Factors, and it attracted around 70 experts from
16 countries representing the full spectrum of the aviation community, including operations as well as
research. The second Expert Workshop was to an extent more ambitious, dealing with four safety focal
areas grouped together in a cluster called ‘Air Vehicle Operations and Traffic Management’:





Autonomous systems
Use of data
Self-healing
Weather

These areas are all safety-related, but are diverse, and so the experts who attended the Workshop
tended to be experts in one or at most two of the areas, rather than all four. Nevertheless, this lead to
interesting discussions during the presentations and break-out sessions. The rest of this report
describes the Workshop in more detail and its results in terms of research priorities as seen by the
experts in these four key areas for future aviation safety.

OPTICS is a Coordinated Action funded by the European Union Seventh
Framework Programme (FP7-AAT-2013_RTD-1) under Grant Agreement n° ACS3-GA-2013-605426.
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2. WORKSHOP SET-UP
2.1. Objectives of Workshop
The objective of the Second Expert Workshop was to get the expert opinion of safety professionals on
whether Europe is doing the right research for aviation safety on the subjects of advanced data
analysis and proactive identification of hazards, vehicle health management systems, increased safety
of flight in adverse environmental conditions, increased autonomy and Unmanned Aerial System (UAS)
safety. Specifically input was asked to:




Confirm challenges, assess progress and identify gaps in research dedicated to aviation safety;
Identify smart solutions and priorities for innovation and their application to aviation safety;
Offer conclusions and advice on strategic avenues for safety research and innovation.

2.2. Workshop approach
As is stated in the previous chapter the Workshop focusses on four distinct focal areas. These areas
were phrased as questions for the experts attending the Workshop:
A. What is needed to allow safe access to airspace of non-commercial operations, UAS and
increasingly autonomous systems?
This focus area concerns operational mission management systems and
procedures that facilitate hazard risk management through use of the appropriate
tools and technology. These technologies enable the optimisation of trajectories
to ensure hazard and collision avoidance throughout all flight phases and with the
earth’s surface. They also enable the safe access and integration of noncommercial flights, personal air vehicles and UAVs within airspace and airports,
and ensure that commercial space operations are merged safely with traditional
atmospheric flight operations and airspace structures.
B. Operational monitoring and making the best use of data: which challenges need to be
overcome?
This focus area concerns innovative methods, processes and services to ensure
the pro-active identification and detection of safety hazards.

C. From health management to self-healing: how to achieve progress towards a resilient air
transport system?
This focus area concerns systems for the proactive detection of degraded and
abnormal situations and to support optimised self-healing. In particular, the
attention will be on automatic reconfiguration/re-routing in response to safety or
security vulnerabilities through the continuous usage and health monitoring of
airports and airspace.

OPTICS is a Coordinated Action funded by the European Union Seventh
Framework Programme (FP7-AAT-2013_RTD-1) under Grant Agreement n° ACS3-GA-2013-605426.
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D. How to guarantee safe operations in adverse weather conditions?
This focus area concerns systems and new traffic services that are coupled with
on-board sensor technology that monitors atmospheric conditions, airspace
environment, traffic proximity and flight data in order to ensure hazard avoidance
while in-flight and on the ground.
According to the OPTICS review, multiple EC funded projects contributed to the 4 focal areas. Nineteen
such projects were identified as shown in Table 1. Some projects address more than one focal area.
The projects were assessed for their safety contribution during the first year of OPTICS.
Table 1: FP7 projects addressing each focal area

Focal area

FP7 projects addressing this topics

Autonomous systems

ALICIA, PPLANE

Use of data

AircraftFire, ARISTOTEL, DELICAT, GREEN-WAKE, HAIC, PROSPERO, UFO

Self-healing

AISHA II, ALAMSA, DOTNAC, JEDI ACE, LAYSA, ON-WINGS, TRIADE

Weather

AAS, ALICIA, DELICAT, GREEN-WAKE, HAIC, JEDI ACE, SAFUEL, UFO,
WEZARD

2.3. Use of online questionnaire
In order to tailor the Workshop to the needs of the participants, we asked all participants before the
Workshop to provide input to the break-out sessions via an online questionnaire. We identified per
participant the two areas that were most of interest, and for each of these areas we asked them to
suggest priority research ideas that would help aviation safety. The results were analysed by the
OPTICS team prior to the break-out sessions and a synthesis of the answers was provided to the
session moderators in order for them to tailor the discussion towards the interests indicated. It also
provided a first framework for drafting the Workshop results presented in Chapter 3.

2.4. Agenda
The agenda for the two day Workshop was as follows, with keynote speakers addressing aspects of the
four focal areas:
28th April
10.00 - 10.30

Registration including coffee

10.30 - 11.00

Welcome and opening by European Commission, ONERA and OPTICS

11.00 - 11.45

Keynote 1 “A manufacturer’s perspective on future aviation safety research” –
Pascal Traverse, Airbus

OPTICS is a Coordinated Action funded by the European Union Seventh
Framework Programme (FP7-AAT-2013_RTD-1) under Grant Agreement n° ACS3-GA-2013-605426.
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11.45 - 12.30

Keynote 2 “RPAS Integration into SESAR” - Mike Lissone, EUROCONTROL

12.30 - 13.45

Lunch

13.45 - 14.30

Keynote 3 “Safety related considerations in autonomy” - Guillaume Brat, NASA

14.30 - 14.50

Coffee break

14.50 - 16.50

Break-out sessions

16.50 - 17.15

Closing of day 1

29th April
9.00 - 9.30

Registration including coffee

9.30 - 10.15

Keynote 4 “The need for Safety Intelligence based on European safety data analysis”
- Rachel Daeschler, EASA

10.15 - 10.35

Coffee break

10.35 - 12.30

Break-out sessions

12.30 - 13.45

Lunch

13.45 - 14.30

“Observations from the first year of OPTICS: are we doing the right aviation safety
research?” - Barry Kirwan, EUROCONTROL

14.30 - 15.00

Feedback from workshop sessions: preliminary top 10 safety research avenues
arising from the workshops

15.00 - 15.15

Wrap-up

15.15 - 15.45

Closing of day 2

2.5. Participants
Invitations to the Second OPTICS Expert Workshop were sent out to various organisations and to the
ACARE network, with an accompanying invitation letter from the European Commission. This attracted
50 international experts from different segments of the aviation chain (see Figure 2). The demographic
is similar to the first OPTICS Expert Workshop, with roughly half of the participants coming from
academic and research institutes. Prior to the workshop most interest was expressed in the focal area
Use of data, followed by Self-healing and Autonomous systems. Least interest was expressed in the
focal area Weather, resulting in only one break-out session aimed at this topic.

OPTICS is a Coordinated Action funded by the European Union Seventh
Framework Programme (FP7-AAT-2013_RTD-1) under Grant Agreement n° ACS3-GA-2013-605426.
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Figure 2: OPTICS Workshop stakeholder segmentation

2.6. Evaluation
Following the Workshop, a questionnaire was sent to the participants via Survey Monkey. The
questionnaire included evaluation of the following Workshop aspects:





The Workshop contents
The Workshop participants
The Workshop logistics
The overall assessment of the Expert Workshop

It included open questions for:




Identifying the most valuable aspect of the Workshop
Identifying the least valuable aspect of the Workshop
Elicitation of general comments and suggestions to improve the Expert Workshop.

OPTICS is a Coordinated Action funded by the European Union Seventh
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3. WORKSHOP RESULTS
3.1. Opening and key-notes
The Expert Workshop was opened by ONERA and OPTICS.
The starting point of the keynote by Dr. Pascal Traverse of Airbus was that aviation is safe and is
improving. To continue to improve the industry needs: (1) to collect and analyse data, (2) to improve
pilot competences & training, (3) to better assess human performance and (4) to afford aircraft
modifications. While the industry can be proud of the declining cumulative fatal accident rate, Dr.
Traverse concluded his presentation stating: “we have still a lot to invent!”
Mike Lissone of EUROCONTROL gave a presentation on Remotely Piloted Aircraft Systems (RPAS)
integration into SESAR. Mr. Lissone shared the roadmap for European RPAS research. Several issues
were presented, amongst which were: (1) safety perception, (2) lack of organisation, and (3) a mix of
airspace users. It was stressed that there is a need to work together to face the challenges from these
issues. We need a global, harmonised and safe approach.

Pascal Traverse

Mike Lissone

Guillaume Brat

Rachel Daeschler

OPTICS is a Coordinated Action funded by the European Union Seventh
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Safety considerations in autonomy were shared in the keynote of Dr. Guillaume Brat from NASA AMES
Research Center. Dr. Brat focussed on three of NASA’s strategic thrusts: safe, efficient growth in global
operations, real-time system-wide safety assurance, and assured autonomy for aviation
transformation. A significant part of the presentation was dedicated to the Verification & Validation
(V&V) strategy: Develop concepts, methods, tools, and body of knowledge to assure autonomous
systems, including autonomy algorithm, V&V in-the-loop, and easier access to V&V for third-party
autonomy solutions.
EASA’s head of safety intelligence and performance - Rachel Daeschler - gave the fourth keynote. She
gave an introduction to EASA’s safety intelligence activities. She also sketched an image of the future
by looking ahead to the use data from the European Central Repository, and even further ahead by
presenting a possible future safety exchange programme for Europe.
After lunch on day 2 Dr. Barry Kirwan of OPTICS gave a presentation on the observations from the first
year of OPTICS. The observations so far are that the OPTICS methodology is working and highlighting
where we are doing well on safety projects to support the ACARE FlightPath 2050 goals, and where we
need to do more, the first year’s assessment showing some gaps and imbalances in the research
agenda. This picture will be refined at the end of 2015, incorporating the second year of OPTICS
assessments and the results of this Second Expert Workshop. Results from the first year’s assessments
including the First Expert Workshop on Human Factors can be found here:
http://www.optics-project.eu/wp-content/uploads/2014/01/OPTICS-2014-Annual-Report_State-ofthe-art-in-safety-research.pdf

3.2. Results of the break-out sessions
After the break-out sessions for each focal area the top priorities for research directions were
determined and presented during the close-out. After the Workshop the OPTICS teams analysed the
break-out session notes in more detail and drafted more detailed Workshop results per focal area.
These results are documented in this section.

OPTICS is a Coordinated Action funded by the European Union Seventh
Framework Programme (FP7-AAT-2013_RTD-1) under Grant Agreement n° ACS3-GA-2013-605426.
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3.2.1. Autonomous systems
The two break-out sessions on autonomous systems resulted in three major challenges that should
dictate future research direction. The first challenge is that technological development, e.g. of
unmanned aerial systems or the opportunities for automation in the cockpit, are running ahead of
societal and legal issues. The second challenge is trying to move away from the concept of operation
that has been in place in aviation for decades. The third challenge is verifying and validation (V&V) that
autonomous systems are safe and secure. These three challenges are detailed below.
Technology is running ahead of societal and legal issues




At low altitudes there will be many small, low performance UAS flying. There will be both
commercial as well as non-commercial users. This area will be difficult to regulate because not
all users can be easily identified. The question arises as to what extent regulation and
oversight should focus on this area, knowing that a certain level of risk to third parties may
remain present. The question is: how much risk is acceptable to society? The answer to this
question should be the starting point for the development of risk mitigating measures and
regulation.
The Air Transport System will have a whole range of manned, remotely piloted and
autonomous systems, both on the ground and in the air. Increasingly autonomous systems will
be introduced in the cockpit and in the ATM system and human operator will increasingly
interact with systems that show an increased level of autonomy. At certain times it may be
unclear who or what has the authority, and who is accountable and in the end liable should
adverse consequences occur (e.g. injury or fatality, damage, etc.). The ambiguity in this
situation (who is in charge, and who is liable?) is linked to the way a human operator interacts
with autonomous systems. Research is needed in this area. There will be geographical areas in
which no UAS can be allowed, because of privacy, security or safety reasons, or perhaps
because the airspace is momentarily too crowded. The way in which access can be regulated
must be researched.

Redesign the whole concept of operations




The scale at which participation from UAS or autonomous systems on the ground is foreseen,
does not come near to the scale at which there is currently experience. It is likely that a stepwise, evolutionary development is not enough to adapt the existing process of traffic
management, operation or certification in time. The whole concept of operations (CONOPS)
should be re-evaluated when not one, but hundreds of UAS share the airspace of one of the
large airports in Europe. The CONOPS may be the starting point for the development of new
regulations, principles of oversight as well as technology and human performance
requirements.
In the future, it is not one single pilot who is responsible for one aircraft and an Air Traffic
Controller who is responsible for managing many aircraft. Rather it will be one pilot who is
responsible for a multitude of aircraft and who may hand over an aircraft to another pilot,
mid-flight. The roles of pilot and ATCo become blurred. A well thought-through concept of
operations must help to identify the safety issues and the mitigations.

OPTICS is a Coordinated Action funded by the European Union Seventh
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Not only will the quantity of airspace users increase, but also their variability in performance:
low performance UAS’s at lower altitudes and high performance aircraft at higher altitudes.
The level of technology, and the acceptable cost of this technology, will be different. There is
however a need for those systems to interact, for example to avoid mid-air collisions. The mix
of technology and potentially the different standards to which they were developed, will pose
a challenge for effective integration.

V&V: how to prove autonomous systems are safe and secure?








The ATS will rely more and more on connections between systems, aircraft, vehicles on the
ground, sensors, and databases. The increase in connections makes the system become more
vulnerable to cyber-attack.
Increasingly autonomous systems will exhibit highly non-linear behaviour and will adapt to the
operating situation. It is unlikely that all situations in which the system will have to perform
can be tested before the system is put in service. A new view on V&V is needed, where V&V
activities are ongoing as the system is in service. The collection and exchange of operational
data may be a necessary prerequisite.
A key enabler for both the safe functioning and V&V of autonomous systems will be shared
situation assessment and decision making in a far more complex aerial environment. The
underlying models used to assess and design situation awareness and effective decisionmaking will need to be enhanced to account for a more diverse and complex CONOPS.
The increasing push from new airspace users that intend to use (small) UAS for delivery of
parcels/freight, will lead to an increase of small UAS in the lower airspace. There will be a push
to make those systems affordable. One of the enablers is to exploit technology from outside
the airspace domain. This technology may have been developed under less strict regulations,
than used in the airspace domain. The V&V process should be tailored to accept this type of
technology in the ATS.

3.2.2. Use of data
One of the recurring themes under the focal area ‘use of data’ was about collecting data to monitor
human performance (HP). The potential anticipated uses of HP data include the support of operators
in nominal or non-nominal conditions (e.g. the adaptive automation concept), or to feedback insights
from data analysis into design.
Participants recognised the benefits that could potentially be derived from consistent and systematic
data gathering. There was consensus that these benefits are still potential because of a series of
bottlenecks: privacy, quality and availability of data were discussed. The fragmentation of data among
stakeholders (e.g. airline, ATM, airport, manufacturers, etc.) and data harmonization were also
mentioned as barriers.
Another theme under this focal area was related to the use of data (not only human performance
data, but also system data or environment data) to monitor system behaviour. Two intended uses
were proposed for this type of data. On the one hand, some participants proposed to rely on data to
detect precursors of safety problems, emergent risks, or weak signals of problematic issues. On the
other hand, some participants maintained that we still know too little about the everyday system
behaviour to only focus on the “bad events”. They proposed to use these data to understand the
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normal system behaviour, how the system is currently behaving. This understanding can be used as a
baseline for non-nominal behaviour or to identify what the system is doing well in order to reinforce it.
Comparing operations (normal vs. unusual) would inform risk modelling, in particular for identifying
precursors or analysing changes. Participants reported that different stakeholders will have different
data requirements, so customised risk pictures for each of them would be necessary.
A common need discussed during the break-out sessions was to establish a quick feedback loop from
data analysis back into the operations. The feedback loop was generally intended as a means of
increasing the frontline operators’ awareness of emerging risks. Similarly to HP data, there was
consensus that these benefits are still potential because of a series of bottlenecks: quality, availability
of data, and fragmentation among stakeholders.
There was a third theme underlying a number of comments made during the break-out sessions, even
if less prominent than the former two. It was about data collection to inform the prediction of longterm changes, such as the impact of policies, new regulations, infrastructural changes, technological
innovations. The evolution of traffic (growth and new routes) was also mentioned as a relevant factor
to be monitored to inform policy-making and strategic choices.
Summarizing, the priorities in the field of data are:
1. Analyse Human Performance-condition data to monitor and support human performance in
real-time, in both nominal and non-nominal conditions, and to inform better design.
2. Monitor the system behaviour to enable early identification of precursors and weak signals to
enable system self-correction prior to an adverse event happening.
3. Monitor the system behaviour to better understand normal system behaviour – how things go
right – in order to reinforce system resilience.

3.2.3. Self-healing
The topic dealt with in this series of break-out sessions aimed at the development of systems for the
proactive detection of degraded and abnormal situations, and support in those situations through
optimized self-healing. While the SRIA specifically focused upon the traffic management aspects, i.e.
airports and airspace, and their reconfiguration subsequent to the detection of degraded situations,
the subject was enriched by the discussions within the sessions, going beyond the initial boundaries
and, in particular, emphasising the underlying necessity for the reliable provision of data across the
system.
While the starting point for discussion related loosely to the traffic management aspects of selfhealing, the opinions expressed by the experts and the ensuing discussions rapidly diverged in all three
breakout sessions into a number of important contributing topic areas such as RPAS and Human
Factors, together with more fundamental concerns, namely resilience, skills assurance and data
analysis. These are elucidated below.
A recurrent theme, raised several times throughout the breakout sessions was the expected
increasing automation of components and functions in the air transport system and the effects of this
development for human operators (e.g. pilots and controllers). It was agreed that automation should
be accepted as a new team member but that a prerequisite for this is that controllers, pilots and other
people interacting with automated components have trust in the automation, i.e. understand how the
conclusions are reached, and are able to understand the overall system behaviour. Humans need to
maintain a comprehensive image of the current operational situation and comprehend the actions
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that automated components execute. Automation can support the humans in the system through
monitoring of components and assist them through decision making techniques embedded in the
operational system. It is suggested that much may be learnt from on-going work in the domain of
robotics and the teaming of humans with robots.
Resilience was mentioned throughout all three health management sessions. Very basic needs were
identified in this context: it was observed that even the definition of the term resilience is not always
clear as it is used inconsistently across different air transport areas. A first step thus needs to be the
collection of existing definitions of the concept for the areas followed by an agreement throughout the
community concerning the term’s application. Another aspect was identified as being of great
importance in the context of resilience: to better understand the system’s behaviour, identifying
relevant metrics, and to conceptualise the system architecture and improve the overall modelling
capabilities. The inclusion of stakeholder expectations was furthermore considered to be relevant by
the session participants. Partially related to the development of modelling capabilities, the access to
data necessary to assure resilient operation was mentioned. Considering problems with confidentiality
issues inherent to sensitive data from many different stakeholders and sources, the idea of employing
‘proxies’ to address the confidentiality issue was raised.
Related to the increase in digital applications and technology throughout the air transport system is
the identified need for a specific and high level qualification in this area. Perhaps even a specific
certification process for software engineers working on safety critical application could be required in
the future. This could also hold true for producers of safety critical components, such as
microprocessors. A system engineering approach that is adapted to these new challenges was
identified as being highly desirable.
The fourth aspect that was evaluated as being important by the participants of the sessions was the
advancement of the current process-based maintenance procedures. In order to take into account
difficulties arising from the introduction of new technologies (e.g. more electric aircraft, composite
materials) it was stated that maintenance procedures should be developed towards an evidence-based
process. Such an approach would draw on health monitoring capabilities to automatically determine
the required service by the current state of the aircraft.
In summary, the following research recommendations emerged from this area:




Human-automation-teaming, where automation is the new team player and autonomy is
integrated into the system via:
o Monitoring of the states of components and behaviours
o Maintaining a comprehensive image (controllers and pilots being able to understand
and trust the automation)
o Embedded decision making techniques
Resilience (safety):
o Create a better understanding of the meaning of resilience across different air
transport system components
o Develop metrics, a conceptual architecture and model system behaviour and
stakeholder expectations from resilience
o Examine the possibility of using proxies to overcome data confidentiality issues
o Identify the data required to assure resilience
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Qualification (perhaps even certification) of software engineers for safety critical applications,
producers of components (microprocessors etc.), together with an adapted system
engineering approach
From process-based maintenance to evidence-based maintenance: take into account new
difficulties related to new technologies (composite materials, more electrical aircraft, etc) and
use health-monitoring capabilities.

3.2.4. Weather
The break-out session on the weather hazards pointed out the following main needs.
Shared understanding of weather hazards
A shared understanding of weather hazards shall be reached by flight operators (pilots, air traffic
controllers, etc.) to manage flight safety consistently. The workshop group mentioned that the
classification of the weather hazard is not performed homogenously by the different actors of a flight
operation. For instance, the severity of wind shear and tailwind are not homogenously estimated by
ATC and pilots.
One cause is the heterogeneity of the measures that are used to classify the hazard. Another cause is a
lack of a common understanding of the hazards for a wide range of situations. In order to overcome
this limitation, it is valuable to:




Reach agreement on the classification of weather hazards, taking into account the flight levels,
the aircraft type and the pilot skills
Reach agreement on reporting of hazards
Develop benchmarks to assist the classification of risks associated with the hazards

Affordable technologies to enable safe operation despite adverse weather conditions
Affordable technologies are needed to go beyond current flight limitations in adverse weather
conditions. The use of existing resources and the development of new technologies can help to ensure
safe flight under adverse weather conditions at a reasonable cost.
The following research tracks were mentioned to fulfill this need:




Couple models of weather (e.g. icing, wind, etc.) and flight physics in order to identify and
mitigate hazardous weather conditions by automation
Exploit all available sources of information (wind mills, satellites, UAV, etc.) to collect
information on weather conditions
Enhance operator situation awareness (in-flight or on ground) about both weather hazards
and aircraft environment in adverse weather condition thanks to new visualization techniques.

Global weather data sharing for a resilient air transport System.
Sharing weather data of the actors of the international air transport system is a must to achieve a
global system resilient to weather hazards.
Today, a lot of weather data are already produced and owned by different actors. It is time to
cooperatively collect and fuse heterogeneous distributed information in order to provide each actor
(airlines, pilot, airport, ATM) with appropriate weather hazard awareness. This requires at least to:


improve data sharing using new rules (reporting, IP) and communication infrastructures
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propose strategies to achieve collaborative data fusion

Use the weather knowledge in the decision chain for optimized safe and fair aircraft operation
Advance use of the weather knowledge should pave the way for optimizing the operational costs while
preventing unfair practices and preserving safety. The integration of weather knowledge in the
decision chain seems fruitful for different phases of the aircraft operation and it is needed to:




Couple weather and operation models to prepare a safe and optimized mission (definition of
route, computation of minimum fuel level)
Adapt flight path and aircraft control to new weather conditions
Organize ground operations for all weather conditions

3.3. Interpretation of the results by the OPTICS team
3.3.1. Top 10 research priorities
From the break-out session results as discussed in the above the OPTICS team created a top ten of
priorities (a first prioritisation was already presented towards the end of the workshop, after the
workshop the priorities have been refined, resulting in the top ten presented in this section). This top
ten is based around the following four ‘driving forces’ in aviation and aviation research today:
 UAS/RPAS integration into airspace is coming fast, but we are hardly prepared, and have an
insufficient research basis for its integration.
 Real-time data analysis on human and system behaviour, including the performance of the
human-automation team, should offer significant safety advantages.
 The necessity to improve the resilience of the air transportation system, and in particular the
safety performance, as the socio-technical system grows in complexity.
 Integration of resources, knowledge and advanced technology is now a must to ensure safe,
fair and cost-effective aircraft operations under adverse weather conditions

The resulting top ten of priorities for research directions is given below. The first four representing the
top priority in each of the four focal areas.
1. Develop a new CONOPS that accommodates the rapidity and scale of developments occurring
with RPAS/UAS and their impending integration into airspace. This new CONOPS must address
issues ranging from legal (who is liable in case of an accident?) to regulatory (how must the
operators and manufacturers account for safety and protection of the consumer?) to human
performance (how can pilots and controllers manage the step-change in traffic complexity that
may occur with UAS/RPAS?).
2. Develop real-time data analysis capability of human and automated system behaviour (e.g.
pilots and aircraft subsystems; controllers and traffic management subsystems), and their
interactions, that can detect precursors to adverse events and initiate protective measures
before safety margins are affected.
3. Demonstrate the safety benefits to aviation and air transportation through the application of
resilience in complex socio-technical systems. In particular determine a conceptual platform
demonstrating resilience with associated models and metrics.
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4. Increase the resilience of operation in adverse weather conditions by making possible shared
understanding of weather hazards and cooperative building of weather awareness.
5. Derive a new and more agile V&V (Verification and Validation) approach for RPAS/UAS, one
that includes in-service validation.
6. Develop advanced models of shared situation awareness and collaborative and dynamic
decision-making for fully-integrated RPAS/UAS systems.
7. Determine the success factors in automation and its development cycle that lead to human
trust in automation. Automation is key to future growth and safety, but if it is not trusted by
the operators it will not be used/effective.
8. Insights from data analysis should be fed back into design, but this is rarely done except in long
time-frames. This has led to a gap between ‘systems-as-designed’ and ‘systems-as-used’. A
new, fast-track system for feeding back operational data into design needs to be developed.
9. Develop affordable technologies to go beyond current flight limitations in adverse weather
conditions.
10. Use the weather knowledge in the decision chain to optimize the interest of each aviation
actor while ensuring global safety and fairness.

3.3.2. Recurring themes
Further analysis of these top priorities shows that there are three recurring themes. These recurring
themes are discussed below. In Table 2 the Enablers and Capabilities in the ‘Air Vehicle Operations and
Traffic Management’ cluster of the Strategic Research and Innovation Agenda are linked to the
recurring themes. It shows that these themes - which represent the ideas of safety experts on future
research - are covered by the SRIA. The input of experts in the break-out sessions also pinpointed gaps
in the SRIA, these are discussed at the end of this section.
Enabling future operations with advanced technology. This theme is seen under autonomous systems
where the advanced technology is available, but where non-technical issues stand in the way of full
spread implementation; what is an acceptable level of safety, who - or what - is accountable, how to
regulate airspace access? The advanced technology might also require a complete redesign of how to
operate. Under self-healing priorities human-automation-teaming is another example of advanced
technology that requires rethinking of the concept of operations. Future developments pose a
challenge on the way we assure aviation is safe. Autonomous systems developments require
rethinking on how we verify and validate safety of these systems. Increased reliance on advanced
software also poses challenges in the assurance of safety. It should be ensured that software engineers
are qualified and do not rely on trial-and-error methods of software development.
Resilience. Making aviation resilient to non-nominal situations is a recurrent theme, which is
underpinned by the reliance on the provision of comprehensive high quality operational data. It is
needed to assure safety in an ever more complex environment. Resilience itself is subject to the study
of fundamental questions such as what is understood by resilience within the complex socio-technical
system that is the air transport system and how this system’s behaviour may be modelled, measured
and improved. For weather it is foreseen that technology can improve operations under bad weather
conditions. Advanced sensors can be used to monitor system behaviour to self-correct in case of nonnominal operation.
Data and information. This is the most recurrent theme. Sharing data between stakeholders is
believed to be a top priority. Constraints have to be overcome; harmonization, quality assurance,
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traceability of data, security etc. Advanced weather data can be collected to distribute weather
information to relevant actors in order to increase weather hazard awareness. Enhanced weather
information can be used in decision making processes for optimizing operations. Measuring human
performance and using that information to improve both system design and aircraft operations is a
clear research priority. Also in maintenance the use of data is foreseen to move to evidence-based
maintenance, to take into account new difficulties related to new technology and use healthmonitoring capabilities.
Table 2: link with capabilities in SRIA cluster ‘Air Vehicle Operations & Traffic Management’

Enabler in the ‘Air Vehicle Capability
Operations
and
Traffic
Management’ cluster of the SRIA

Recurring
theme

Behaviour analysis of people within the Data and
system (e.g. abnormal behaviour, mobility information
Innovative methods, processes patterns etc.) to identify hazards to safety.
and services which ensure the
real time detection of deviations Behaviour analysis of airspace and airport use. Data and
in safe performance within the
information
total Air Transport System.
Pro-active identification of the external Enabling future
hazards, development of models which enable operations
the identification of their probability and
impact.
Safety Radar

Operational
management
procedures

mission Models which facilitate the mission planning Resilience
systems
and through the identification & prevision of
meteorological and other environmental
hazards affecting flight safety.
Protection and responses which
enable hazard risk management Predictive & Real Time complexity assessment Resilience
through
appropriate
tools modelling capability which supports accurate
including atmospheric models mission planning.
enabling the optimisation of
trajectories to ensure hazard and Systems and new traffic services coupled with Resilience
collision avoidance throughout on-board sensor technology to ensure hazard
all flight phases and on the avoidance in-flight and on the ground, e.g.
detect adverse atmospheric conditions and
surface.
traffic proximity, wild life, FOD.
Commercial Space operations merged safely Enabling future
with traditional flight operations and airspace operations
structures.
The safe access and integration of non- Enabling future
commercial flights, personal air vehicles and operations
UAS to airspace.
Intelligent, adaptive automation systems Resilience
which ensure the human can intervene for
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safe recovery.
Innovative safety concepts providing a benefit Enabling future
in maximizing usage of resources (runways, operations
airspace, parking).
Secure, resilient and integrated CNS systems Resilience
which ensure seamless, global coverage and
are robust to failures of individual
components.
Integrated search and rescue capabilities, Resilience
rapid and appropriate intervention.
All flight objects are uniquely and positively Resilience
identified, tracked, monitored and neutralised
if threatening.
System Behaviour Monitoring Continuous health management of airports Resilience
and Health Management
and airspace.
Systems which enable the
proactive detection of degraded
and abnormal situations and
optimised healing.

Global surveillance and vehicle monitoring Data and
capabilities which ensure the tracking and information
location of air vehicles throughout the mission
and initiate S&R in case of serious incidents
and accidents.
Innovative Health Management systems and Resilience
Maintenance processes and tools, including
self-healing capabilities, which ensure critical
systems
and
technologies
remain
operationally sound.

3.3.3. Gaps in the SRIA
When comparing the results of the Second OPTICS Expert Workshop with the SRIA, gaps in the needed
research and innovation described in the latter become apparent. Although the SRIA foresees the need
for a safety framework that ensures equity in access to airspace by all air vehicles, including RPAS/UAS,
it does not acknowledge that there might be a need to develop a new CONOPS to accommodate that
integration. Future V&V needs pinpointed in the SRIA focus on the need for standardization, but do
not highlight the needed derivation of new a more agile V&V approaches for RPAS/UAS that include inservice validation. A third gap is related to automation. Although this topic is extensively covered by
the SRIA, the idea of determining success factors in automation and its development cycle that lead to
human trust in automation is not yet covered by the SRIA. A fourth gap is related to maintenance.
Although needed research into improving aircraft maintenance is included in the SRIA, it does not
contain the idea to move from process-based maintenance to evidence-based maintenance as
identified in the self-healing workshop sessions. A final gap in the SRIA is the lack of research related to
the needed skills of software engineers. It is recommended to include in the SRIA research into the
needed qualification of software engineers for safety critical application, producers of components
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(microprocessors etc.) and adapted system engineering approach. The idea to certify software
engineers should also be explored.

3.4. Results of evaluation
In total 50 invitations to fill in the evaluation questionnaire were send out. 23 responses were received
- almost half of the invitees.
The following table summarises the results from the evaluation questionnaire:
Table 3: summarised results from evaluation questionnaire

Strongly
agree

Agree
…

Disagree
.

Strongly
disagree

(4)

(3)

(2)

(1)

1. “The time dedicated to the different 6
sessions was adequate”

16

0

1

3.2

2. “I found the workshop presentations and 9
discussions interesting”

12

2

0

3.3

3. “I found the supporting material provided 1
during the workshop adequate”

15

5

2

2.7

4. “I would recommend participating to 5
future OPTICS workshops to a colleague”*

15

2

0

3.1

Very
good

Good
……

Fair
…………

Poor
………

Average

(4)

(3)

(2)

(1)

14

3

0

5. “How would you rate the workshop 6
overall?”

Average

3.1

* one respondent answered with n/a

Networking Value. A majority of respondents strongly agreed with the statement that the Workshop
was a good opportunity for networking. Overall the key-notes were appreciated as well, although it
was suggested that the presentation could better stimulate the discussion for the break-out sessions
that follow.
Workshop Materials. There were also some suggestions for improvement. The material received
during the break-out sessions was not considered adequate by everybody. The next Expert Workshop
will have material that better supports the break-out sessions, so that it can be used as proper
reference during the discussions. Other suggestions were to make a list of participants available, to
better introduce OPTICS at the start of the workshop, and to organize a panel at the end of the
workshop.
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OPTICS & Ethics. One respondent questioned the method of working of OPTICS: assessing projects by
people that are also involved in some of these projects. Clearly this is unavoidable, as there are a
limited number of safety experts, hence OPTICS partners are bound to be involved in other projects. It
is stipulated however that OPTICS is not evaluating the intrinsic values of projects but matching
projects to SRIA capabilities. Furthermore moderation of the initial assessment of projects is always
done by a partner not involved in the project being assessed. The OPTICS methodology also involves
other experts from one partner organisation not directly involved in one specific project. Finally the
project coordinator can always propose an amendment to the SRIA coverage assessment. The OPTICS
team tries to maintain a high ethical standard throughout its work, not favouring any particular
Projects or Programmes other than with respect to their intrinsic safety value.
Workshop Format Fitness for Purpose. Some respondents doubted if a 2-day workshop is sufficient to
identify the aviation safety research needs for Europe. Clearly, it is not. Rather, the intention is to
check for the need for ‘course corrections’ from the original SRIA Roadmap, given the rate of change
and technological developments in aviation. However, this Second Expert Workshop did take on a lot,
by looking at four focal areas, as opposed to the First Expert Workshop which focused on only one.
While useful insights have been gained from this Second Expert Workshop, the OPTICS team will retain
a tighter focus for the remaining two workshops in 2016 and 2017.
More generally, the workshops are one of the inputs to the work of OPTICS. Another important pillar is
the assessment of European research in which research projects’ and programmes’ objectives are
mapped to the strategic research and innovation agenda. The results of these assessments are
disseminated in a yearly event and a yearly report.
Nevertheless, the OPTICS team believe the output from this Second Workshop is highly valuable, and
are grateful to the experts who participated and shared their views and insights in a compressed
timeframe. The point of the Workshop approach in the OPTICS methodology is to some extent to
stand back from the bottom-up analysis of projects and programmes and to see the larger picture, to
get right to the heart of the matter, and also to ‘see around the corner’ as to what is coming. With
some of the insights documented in this report, this aim has been achieved.
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4. CONCLUSIONS
The Second OPTICS Expert Workshop succeeded in finding a top ten of priorities for research
directions for four focal areas grouped together in a cluster called ‘Air Vehicle Operations and Traffic
Management’: autonomous systems, use of data, self-healing and weather. The top ten is based
around the following four ‘driving forces’ in aviation and aviation research today:
 UAS/RPAS integration into airspace is coming fast, but we are hardly prepared, and have an
insufficient research basis for its integration.
 Real-time data analysis on human and system behaviour, including the performance of the
human-automation team, should offer significant safety advantages.
 The necessity to improve the resilience of the air transportation system, and in particular the
safety performance, as the socio-technical system grows in complexity.
 The integration of resources, knowledge and advanced technologies is now a must to ensure
safe, fair and cost-effective aircraft operations under adverse weather conditions.

The resulting top ten of priorities for research directions is given below. The first four representing the
top priority in each of the four focal areas.
1. Develop a new CONOPS that accommodates the rapidity and scale of developments occurring
with RPAS/UAS and their impending integration into airspace. This new CONOPS must address
issues ranging from legal (who is liable in case of an accident?) to regulatory (how must the
operators and manufacturers account for safety and protection of the consumer?) to human
performance (how can pilots and controllers manage the step-change in traffic complexity that
may occur with UAS/RPAS?).
2. Develop real-time data analysis capability of human and automated system behaviour (e.g.
pilots and aircraft subsystems; controllers and traffic management subsystems), and their
interactions, that can detect precursors to adverse events and initiate protective measures
before safety margins are affected.
3. Demonstrate the safety benefits to aviation and air transportation through the application of
resilience in complex socio-technical systems. In particular determine a conceptual platform
demonstrating resilience with associated models and metrics.
4. Increase the resilience of operation in adverse weather conditions by making possible shared
understanding of weather hazards and cooperative building of weather awareness.
5. Derive a new and more agile V&V (Verification and Validation) approach for RPAS/UAS, one
that includes in-service validation.
6. Develop advanced models of shared situation awareness and collaborative and dynamic
decision-making for fully-integrated RPAS/UAS systems.
7. Determine the success factors in automation and its development cycle that lead to human
trust in automation. Automation is key to future growth and safety, but if it is not trusted by
the operators it will not be used/effective.
8. Insights from data analysis should be fed back into design, but this is rarely done except in long
time-frames. This has led to a gap between ‘systems-as-designed’ and ‘systems-as-used’. A
new, fast-track system for feeding back operational data into design needs to be developed.
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9. Develop affordable technologies to go beyond current flight limitations in adverse weather
conditions.
10. Use the weather knowledge in the decision chain to optimize the interest of each aviation
actor while ensuring global safety and fairness.

Further analysis of these top priorities shows that there are three recurring themes:
Enabling future operations with advanced technology. Advanced technology is available, but nontechnical issues stand in the way of full spread implementation, and technologically advanced systems
require rethinking on how we verify and validate safety.
Resilience. Making aviation resilient to non-nominal situations is a recurrent theme, yet it remains
unclear as to what is understood by resilience within the complex socio-technical system that is the air
transport system, and how this system’s behaviour may be modelled, measured and improved.
Data and information. This is the most recurring theme. Sharing data over stakeholders is believed to
be a top priority, e.g. advanced weather data can be distributed to the relevant actors in order to
increase weather hazard awareness.
These three themes are covered by the research and innovation needs described in the Strategic
Research and Innovation Agenda (SRIA). The results from the Second OPTICS Expert Workshop also
pinpointed gaps in the SRIA. Although the SRIA foresees the need for a safety framework that ensures
equity in access to airspace by all air vehicles, it does not acknowledge the need to develop a new
CONOPS to accommodate that integration. Future V&V needs pinpointed in the SRIA focus on the
need for standardization, but do not highlight the needed derivation of new and more agile V&V
approaches for RPAS/UAS that include in-service validation. Automation is extensively covered by the
SRIA, however, the idea of determining success factors in automation and its development cycle that
lead to human trust in automation is not yet covered. The SRIA does not contain research needs for a
move from process-based maintenance to evidence-based maintenance. Finally, the SRIA lacks
research related to the needed skills of software engineers. It is recommended to include in the SRIA
research into the needed qualification of software engineers and the possibility to certify these
engineers.
The Second OPTICS Expert Workshop fulfilled its aims in highlighting and prioritising research goals in
the area of Air Vehicle Operations and Traffic Management. The findings will be presented back to key
Stakeholders at the Second OPTICS Dissemination Event in April 2016, as well as to the ACARE Working
Group 4 on Safety and Security, to help inform the SRIA and the European Aviation Safety R&I agenda.
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