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Abstract

This report describes the scoping and safety tarfjgte A ConOps accident risk and flight
efficiency assessment to be performed within iFlyjgct WP7.
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1 Introduction

1.1 iFly project

iFly will perform two operational concept designct®s and an assessment cycle comprising
human factors, safety, efficiency, capacity andneaac analyses. The general work
structure is illustrated in Figure 1. During thesfidesign cycle, state of the art Research,
Technology and Development (RTD) aeronautics reswill be used to define a “baseline”
operational concept. For the assessment cyclesecohd design cycle, innovative methods
for the design of safety critical systems will kmed to refine the operational concept with the
goal of managing a three to six times increaseuimeat air traffic levels. These innovative
methods find their roots in robotics, financial mamnatics and telecommunications.

Air and

Ground
Requirements
\ Advanced

Operational
Design Cycle 1 Design Cycle 2 Concept

- Assessment -

Figure 1. iFly Work Structure.

As depicted in Figure 2, iFly work is organisedotlgh nine technical Work Packages (WPs),
each of which belongs to one of the four typesesfetbpments mentioned above:

Design cycle 1
The aim is to develop an Autonomous Aircraft Adveah¢A’) en-route operational concept

which is initially based on the current “state-bétart” in aeronautics research. Thé A
ConOps is developed within WP1. An important stgrtand reference point for this®A
ConOps development is formed by the human respitibysdmalysis in WP2.

Innovative methods

Develop innovative architecture free methods towdmely issues that have to be addressed by

an advanced operational concept:

* Develop a method to model and predict complexitgiotraffic (WP3).

* Model and evaluate the problem of maintaining madgfent Situation Awareness (SA) and
avoiding cognitive dissonance (WP4).

» Develop conflict resolution algorithms for whichstformally possible to garantee their
performance (WP5).

Assessment cycle

Assess the state-of-the-art in Autonomous Aircraéivanced (&) en-route operations
concept design development with respect to humetorig safety and economy, and identify
which limitations have to be mitigated in orderaitcommodate a three to six times increase
in air traffic demand:
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« Assess the Aoperation on economy, with emphasis on the impaairganisational and
institutional issues (WP6).

« Assess the Aoperation on safety as a function of traffic dgniicrease over current and
mean density level (WP7)

Desing cycle 2
The aim is to refine the AConOps of design cycle 1 and to develop a visiow A3

equipped aircraft can be integrated within SESARcept thinking (WP8). WP9 develops
preliminary safety and performance requirementtherapplicable functional elements of the
A®ConOps, with focus on identifying the required tealogy.

Design Cycle 1

Assesment Cycle

WP1 WPe
3 .
o4t
A% ConOps Cost benefit
TO+20 —b»
WP7 )
wee A?® operations
Safety / 10 +44 S o
H capacity / * ®>safety / Capacity / Efficiency
nibil efficiency
responsibilities
TO + 12

TO + 38

l

WP3
Start at
Complexity TO +21
prediction WPS 3
T0+44 » A op_erations )
3 non-airborne Requirements
WP4 A refinement and mitigations
Start at
Multi-agent TO+21
SA consistency WP9
3 3
A airborne TO +44 -+ A operations
requirements Air Requirements
WP5
Conflict
resolution Design Cycle 2

TO + 44 -® Innovative methods

Innovative methods

Figure 2: Organisation of iFly research

1.2 Safety assessment feedback to design

In providing safety risk assessment feedback to Adédign, there is one issue that always
should get the attention it deserves: safety comeation. The value of a safety assessment is
largest when there is a sound feedback communicatioperational concept design. Without
such a feedback a safety assessment becomes a yassgessment. With feedback
communication, safety assessment is a way for #sigders to learn where their design
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should be improved in order to become sufficiestife. Within iFly, the main aim of the
safety assessment is to learn something abounitie iA®> ConOps operations from the first
design cycle, which supports refinement of tHe@onOps during the second design cycle.
This interaction between design and assessmeaspistdd in Figure 3.

ATM Safety / capacity
design Assessment

Figure 3: Safety assessment feedback based ATM dgsi

This feedback loop can take place at a more orgtaaiml level, in order that hazard and
safety assessment information can be of use tostfaegic decision makers regarding
operational concept development. This may be dfiquaar relevance when for example an
assessment for a project uncovers new hazardsnthgtapply to other projects or even
existing operations. Designers and developers aof wencepts also can benefit from
feedback; though they are not necessarily habremdlers of safety assessments. Hence if
such information could be presented in a usabletwvalesigners/developers, then they would
be considering safety aspects from a very earkyesta their concept formulation processes.
Safety assessors themselves can also benefit firmctised feedback, since then assessors
working on new operation assessments can see \aatds etc. were identified, with what
risk levels, and with what mitigations. Assessorsedh not be constrained by prior
assessments, but should be able to view them. fbinera ‘library’ of safety assessments can
be useful in this respect. Safety assessment peacsi therefore a potential source of
organizational learning for the industry, which tbenhance safety management efficiency
and effectiveness. This step has yet to be propdeieloped for ATM, but is a logical
addition to the ATM safety management approach.
The golden rules of feedback-based ATM designtaeetore:
» Safety should be a main issue in all stages otléstgn and implementation lifecycle of a
new ATM operation, i.e. from the first stage onwsrd
* The results of the safety assessment should be oomated back to the operational
concept designers after or during each major lgkcgtage.
The aimed result is that safety is effectively lgeluilt into the design of an advanced ATM
operation. However, when this feedback is missmghie earlier stages of the design, the
result typically is that at a late moment in timdyen an operational concept will be designed
up to a high level of detail, one suddenly realiged sufficient safety may be compromised.
All one can do at that point is either start frdme beginning, or do damage control, i.e. try to
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“repair safety” by adding all kinds of costly feeta or safety nets that are not even
guaranteed to work. The lack of effective safedfgack therefore represents a "break in the
chain process” and can be reasonably identifiezlgegp or inefficiency in the development of

an advanced ATM operation.

1.3 iFly WP7 objective and E-OCVM

The objective of iFly WP7 is to explore the safetyundaries of airborne self separation in
en-route air-space. Thereto a safety risk assedswikbrbe performed within WP7, of the
Autonomous Aircraft Advanced @Aen-route operation with respect to safety asatfan of
a factor three to six traffic increase over curnean traffic demand. This will be compared
against ICAO and ESARR accident risk criteria thaply under corresponding higher traffic
levels. The difference between this curve and BAA/ESARR criteria will give a good
indication of how much and in which directions date-of-the-art” & operation has to be
further improved in order to accommodate a fadboee to six en-route traffic increase over
Europe. In order to realize effective feedbackhe advanced operation design, the safety
assessment should answer the following questior®n“idafe is the air traffic operation
design?”, and “Which operational factors contribotest to risk”, and “How much can risk
be influenced by increasing reliability of techrisgstems”.
This feedback may be used along two ways:

- Further improvement of the®ConOps on any of its weak points;

- Development of a vision on how to integraté équipped aircraft within SESAR

concept thinking.

In the initial iFly validation strategy [iFly D10iJ1 it has been identified that WP7 fits the
European Operational Concept Validation MethodoliEOCVM) Phase V1 (Scope). In line
with this, WP7 aims to evaluate the proposedcAncept regarding its capability in safely
accommodating which traffic demand levels, and &ngthe necessary insight into its
potential costs and benefits. In order to enabésehevaluations, the*Aoncept should be
described in sufficient detail to enable identifioa of the potential benefits mechanism (i.e.
the change to systems and/or operations that wdbke a known barrier to be alleviated).
Some aspects of the concept will be unknown oraamncht this stage. There may exist a
number of options to be assessed during the fuviddetation process.

Following [E-OCVM, 2007], the validation processss in V1 (scope) of the concept life
cycle. From this phase on, the E-OCVM structureshping framework (see table below)
facilitates programme planning in a predictable way

Step Activity Description
Step 0 “State Concept and | 0.1 Understand the problem
Assumptions” 0.2 Understand the proposed solution(s)
1.1 Identify the stakeholders, their needs, issard, involvement
in the validation
1.2 Identify the level of maturity to ensure thapectations are
; N realistic
gfzftej-gy?et Validation 1.3 Describe the expected outcome of the validaiiocess
1.4 Identify high level performance objectives
1.5 Establish initial validation needs, potentiabge and draft plarn
1.6 Select validation tools or techniques
1.7 Define validation strategy and plan
Step 2 “Determine the 2.1 Identify stakeholder acceptance criteria andfopmance
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requirements
2.2 Identify low level validation objectives
2.3 Refine validation strategy
2.4 Identify indicators and metrics
2.5 Specify scenarios
Experimental Needs” 2.6 Produce experimental plan
2.7 Produce analysis plan
2.8 Produce detailed experimental design
2.9 Identify assessment requirements
2.10 Prepare the platform or facility
2.11 Conduct pre-exercise testing
Step 3 “Conduct the 3.1 Conduct validation experiment
Experiment” 3.2 Assess for unexpected effects or behaviors
Step 4 “Determine the 4.1 Perform analys?s speci_fied_ in the analysis plan
Results” 4.2 Prepare anz_;tlys!s contributions
4.3 Prepare validation report
Step 5 “Information for 5.1 Disseminate i_nformation to_ stakehold_ers andsosEt mgker_s
. T 5.2 Draw conclusions and decide on actions feedbagklidation
Dissemination strategy.

Regarding step 0, the*ATonOps description will be received from WP1. Pneblem to be
addressed within WP7 has been described in subeec®. The remainder of this document
addresses activity 1.1 through activity 1.7 of st€fSet validation strategy).

1.4 Organisation of this report

This report is organized as follows. Section 2 td&s the relevant stakeholders, the expected
outcome and the level of maturity expected (stefts 1.2 and 1.3). Section 3 identifies the

high level safety objectives and the expected oun&of the safety validation cycle to be

conducted within WP7 (step 1.4). Section 4 idesdifihe scope of the safety validation cycle
to be conducted within WP7 (step 1.5). Sectionl&cse validation methods to be used (step
1.6). Section 6 defines the safety validation pl@arbe conducted within WP7 (step 1.7).

Section 7 draws conclusions.
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2 Relevant stakeholders

The validation of an operational concept is closkfked to the actors or stakeholders
involved. The obvious question then is: who ares¢hstakeholders? This section gives an
overview. Subsection 2.1 identifies the stakehald&ubsection 2.2 presents the different
global objectives of these groups of stakehold&usbsection 2.3 explains the working
relations between stakeholders. Subsection 2.4ifgsnthe expected outcome and level of
maturity aimed for by the safety assessment oAth€onOps, and for which stakeholders.

2.1 Who are the stakeholders?

There are several studies that have addressediéiséi@n in the title, e.g. [GENOVA WP5-],
[VAPORETO WP5], [ARIBA WP6-I], [ARIBA WP6-Il], [ECARYS, 2005], [SAFMAC,
2006]. The stakeholders identified in these studass be divided into the following groups,
see Figure 4:

» Airspace users

* Human society

* Regulatory and supervisory authorities

* Policy makers

» Air Navigation Service Providers

» Other Service Providers

» Airports

* Manufacturers

* Human operators

* Associations and Federations

» Other actors

In Annex A, each stakeholder group is elaboratedanmding concrete examples of
stakeholders. Note that a few stakeholders (e 4Odnay fall under two or more groups; for
others, the choice of group may argued (e.g. is (N&onautical Information Services) an
‘alr navigation service provider or an ‘other pmer'?)’, and it may also be argued if
governments are stakeholders or organisations loety@nstakeholders. However, the division
below provides a rather good picture.
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- Passengers
) - NSA
- Neighbours - EASA
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- Airlines N -ICAO (®) D
- Military g - Ministry of transport
- General aviation HUMAN REGU- - Ministry of defence
- Charter carriers SOCIETY LATORS - European Commission
- Eurocontrol HQ
AIRSPACE POLICY
USERS MAKERS
/ \ - Maintenance
- ATCo HUMAN OTHER SERVICE - AIS
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OPERATORS PROVIDERS
AIR TRANSPORT
E— | I
ASSOCIATIONS ANSPs
- National ANSPs
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- AEA OTHER I~ AIRPORTS - ASM
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- IFALPA %
- IFATCA
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- ACI Europe - Consultant - Airports national
s - B Reséamh - Aircraft manuf. - Airports regional
— - Publishers - Aeronautics a
- Insurance - Supply industry
- Committees _

Figure 4: Overview of stakeholders in air transportoperations

2.2 Global objectives of different stakeholder groups

The air transport operations overall validatiomtggies should take into account the different
views of the various stakeholder groups which arectly or indirectly involved in air
transport operations. In this way potential comdlicoetween objectives of different
stakeholder groups will become clear in an eadgetof the life-cycle. Once such a potential
conflict has been identified, it even may appeahmécally possible to change the concept or
architecture of a design in such a way that thieiht objectives become synergetic. Large
changes, however, often are cost-effective onlynathey are introduced during an early air
transport operations life-cycle phase.

To get a global idea about the different objectieésthe various actor groups, a brief

impression for each of the actor groups is given:

» Air traffic controllers and pilots: During their wiothey carry the full responsibility for a
safe and expeditious handling of multiple aircrdft. return for carrying such huge
responsibilities, they deserve a human centredoagpr rather than a technology driven
approach during the design phase. This implieshhatan capabilities (e.g. knowledge,
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skills, strategies) and limitations should be themthant factor in the evolution and
validation of human role and automation strategy.

ANSPs view: By its very nature air transport opersd has an architecture which is
distributed over multiple aircraft, multiple airatrsport operations centres/sectors and
multiple CNS systems. This has a huge impact orcdingplexity of concept development,
procurement and operation of a new air transpagtaipns system, both on systems level
and on human level. Without using a proper busha@gsted overall validation strategy it
will be very difficult to organise this complexdicycle efficiently.

Industry view: The common situation is that indygtarticipates in the execution of all
validation and verification steps of engineeringety Since different future air transport
operations concepts and architectures may requffereht functionalities and sub-
systems from the airborne-side and ground-sidectineesponding manufacturers should
also play active roles during the conceptual stageyrder to rapidly identify the best
directions to be taken for their own developmenfthere are, however, significant
differences for airborne-side and ground-side mactufers. In contrast with the market
for commercial aircraft, the market for air trandpaperations systems is so small that the
product development often is tailored to the custoand the production counts in small
numbers. The latter situation complicates both itter-operability of air transport
operations sub-systems from different manufactyeard the re-use of previous validation
results obtained elsewhere.

Airlines view: Since airlines sell travel tickethey try to satisfy the evolving wishes of
their passengers. For example, a recent survey @motish Airways passengers shows
that both reliability and safety appear in the tbpee of passenger wishes on short haul
and long haul flights [Lowe, 1995]. These wisher ocaly be satisfied in collaboration
with the industry and the air transport operatigasvice providers. When airlines buy
aircraft they are treated as a customer. Obvioukly would like to receive a similar
treatment when they are customers of air trangpuetations services, the more since the
airlines form the core of air transport busineshkisTsimply means that they should
actively participate in the validation during ailelcycle stages of future air transport
operations.

Airport view: Due to growing environmental restiigts, in the future available runway
capacity should become the bottleneck rather thantransport operations system
capacity. This requires an effective interactiomwsen air transport operations service
provision and airport traffic and passenger manaygmand means that airport service
providers should actively participate in the valida during all life-cycle stages of future
air transport operations.

Regulatory authorities view: For the airborne smlewidely accepted air-worthiness
validation process and certification procedure texiSuch an air-worthiness validation
process can be applied either for a pre-operatiambbrne system, or for an improved
version of an airborne system for which “air-worniéss” temporarily has been withdrawn
during operational life. In contrast with this, &iansport operations have always evolved
without certification procedures. For the ANS pattiring the last decade a “ground-
worthiness” validation and certification procesguigement has been implemented [EU-
CR, 2005].

Human society: Humans are directly or indirectlypanted by air transport operations.
Directly, either as a passenger or as a personglisearby an airport (noise, emission,
third party risk). Indirectly, as part of human sig who stays informed through the news
agencies about safety and environmental impactyaigi Human society's influence
largely works through political bodies, both dirddemocratic elections) and indirect
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(lobbying groups). This also raises the need fbeter understanding of human society's
air transport safety perception.

In order to handle these quite differing objectioéshe various actors in an efficient way they
should be taken into account as early as possii@glthe life-cycle of future air transport
operations and also in the overall validation pssce

2.3 Relations between stakeholders

Figure 4 below gives an overview of stakeholdeesténgles) and their relations (arrows).
The left-hand-side of the figure gives the situatab stat

e level; the right-hand-side gives the internatigit@ation. The arrows marked with coloured
circles represent formal responsibilities.

Various

Various

commissions

commissions

National European

O

Government Commission

( ?

N N R e »  EASA

(S\) EUROCAE

ANSPs - Future Eurocontrol

Commercial
Stakeholders

Associations

Figure 4: Relations between stakeholders. Formal sponsibilities are indicated by a coloured

circle

2.4 Expected WP7 outcome and level of maturity aimed for

The A’ ConOps operation that is being defined by iFly W&himed to be a hypothetical
concept rather than a realistic one. In line witis,tthe target audience consists of designers
of advanced ATM to whom there currently exists @dauncertainty regarding the potential
traffic demand that can safely be accommodated Wwgladeveloped airborne self separation
concept of operation. For this reason, iFly valma@activities have all been placed within E-
OCVM phase V1. This means that the main stakehsliebe addressed by iFly are Airspace
users, Policy-makers, ANSPs and Human operatorshalre an active involvement within
SESAR/NEXTGEN developments.
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The main objective of the safety assessment docigtien this report is to provide optimal
feedback to the operational developers about thetys@f the developed A ConOps
operation. This means that the safety assessmerd & describe to which extent the
developed operation is tolerably safe, to descabewhich areas the developed operation
should improve with respect to safety, and to erplehy this is so. With the feedback from
this safety assessment, it can be decided whellgerdéveloped operation needs further
improvement with respect to safety, and if so, vahg on which aspects the operation needs
to be improved.

It is not an objective of the safety assessmeprdoide a detailed and completed safety case

for review by regulatory authorities. The level wifaturity of the developed operation is
considered to be too low for reaching that purpose.

3" February 2009 TREN/07/FP6AE/S07.71574/037180 iFly Page 14/53



iFly 6" Framework programme Deliverable D7.1a

3 High level safety objectives

For the iFly project there are several relevant galdiable input sources of safety needs
available. First of all there are the SESAR esthigld safety needs; these are reviewed in
Subsection 3.1. Because safety plays such a keyirrdhe feasibility assessment of airborne
self separation, we exploited several more spesiiarces in order to better understand the
safety needs of future ATM. Subsection 3.2 revieWBM relevant accident statistics.
Subsection 3.3 presents the ICAO en-route TLS fat-air collision risk. Subsection 3.4
addresses ESARR4 and EC common requirements eel@iVCAO’s TLS. Subsection 3.5
reviews SESAR safety observations regarding saparptovision and collision avoidance.

3.1 SESAR established safety needs

In [SESAR D2, 2006], the SESAR safety performanbgdive builds on the ATM2000+
Strategy objective: "To improve safety levels bgwmg that the numbers of ATM induced
accidents and serious or risk bearing incidentsldes those with direct and indirect ATM
contribution) do not increase and, where possibegrease”. Considering the anticipated
increase in the European annual traffic volume, tmplication of the initial safety
performance objective is that the overall safetielevould gradually have to improve, so as
to reach an improvement factor of 3 in order to inike safety objective in 2020 (based on
the assumption that safety needs to improve wehstjuare of traffic volume increase). In the
longer term (design life of the concept) safetyelswvould need to be able to increase by a
factor 10 to meet a possible threefold increadesific.

In order to make SESAR’s the high level safety oliye concrete, the high level safety
objective is based on past accident statistics @& TLS values for en-route airspace.
operations including the three involved domains ATd&rcraft systems, and aircraft
operations. The regulations for the individual domaare of importance for the eventual
implementation of A-SMGCS operations:

* ESARRs and Common Requirements for the ATS domain;

* FAA/ JAA/ EASA requirements for the aircraft systenomain; and

* JAR-OPS/FAR-OPS requirements for the aircraft ojpmma domain.

3.2 Accident statistics

Following [ICAO, Annex 13, 2001], aaccidentis defined as: “an occurrence associated with
the operation of an aircraft, which takes placevieen the time any person boards the aircraft
with the intention of flight until such time as alich persons have disembarked, in which:

a) a person is fatally or seriously injured as a resillbeing in the aircraft, or of direct
contact with any part of the aircraft, includingtsavhich have become detached from the
aircraft, or of direct exposure to jet blast (exosgpen the injuries are from natural causes,
self-inflicted, or inflicted by other persons, oh&n the injuries are to stowaways hiding
outside the areas normally available to the passesngyl crew); or

b) the aircraft sustains damage or structural failwhech adversely affects the structural
strength, performance or flight characteristicghaf aircraft, and would normally require
major repair or replacement of the affected compobriexcept for engine failure or
damage, when the damage is limited to the engisegcawlings or accessories; or for
damage limited to propellers, wing tips, antennass, brakes, fairings, small dents or
puncture holes in the aircraft skin); or
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c) the aircraft is missing or is completely inaccekesib

In order to avoid ambiguity, [ICAO, Annex 13, 200dlso gives definitions of fatality and
fatal accident. Afatality is defined as the death of a person resulting frgries within
thirty days of the date of the accidentfaAal accidentis an accident with at least one fatality
among the persons mentioned under a) above. Natetlib ICAO definition counts one
collision between two aircraft as two accidentsscAhote that the ICAO definition largely
excludes % party damage, injuries and fatalities.

[Blom et al., 2003] have shown results of a statétanalysis of accidents, fatal accidents and
fatalities by Large Aeroplanes (certified takeoféight is 5670 kg or more) in commercial
aviation (but excluding flights with Russian-bugihd business jet aircraft) over the period
1980 through 1999, and with emphasis on separatiaited accidents, i.e.

- Accident involved two or more commercial aviatiorceaft, or

- Accident involved one aircraft and one or more gibuehicles, or

- Accident induced by the wake vortex of anotherraiitcor

- Accident induced by a near-miss escape manoeuvre.

Over this 20-year period, the total number of aectd in the sample considered amounts
2340, of which 613 are fatal accidents with a tatall5,554 fatalities, while the estimated
number of applicable flights amounts 420 milliomid statistical data is shown in Table 1.

Table 1 Accident statistics of Large Aeroplane fligts in commercial aviation

Accidents Fatal Accidents Fatalities
1980-1999 period 2340 613 15,554
Average per year 117 30.7 7777
Average per flight 5.57 E-6 1.46 E-6 37.0 E-6
Separation related 185 (7.9%) 23 (3.75%) 783 (5.0%

The separation related share of accidents is 1884)7 of fatal accidents it is 23 (3.75%) and
of fatalities it is 783 (5.0%). Roughly, this meaaisout one separation related fatal accident
per year. Further characteristics of the separattated accidents are shown in Tables 2 and
3. It should be noticed that a collision betweeramaraft in the sample and an aircraft not in
the sample (e.g. a general aviation aircraft ongrtess jet) has been counted as one accident.
Hence, the number of mid-air collisions cannot bamed by dividing the number of mid-air
accidents in the tables by two. Table 2 shows 7T8&b of the separation related fatalities are
due to mid-air collisions, although these consit@2% only of all separation related
accidents. The remaining 21% separation relatealittas are constituted by 78% of the
separation-related accidents at the airport, aqaiticular between two aircraft.

Table 2 Separation related accident statistics of arge Aeroplanes in commercial
aviation

Accidents Fatal accidents Fatalities
1980-1999 185 23 (12.4%) 783
Per year 9.25 1.15 39.15
Per flight 44.0 E-8 5.5 E-8 1.86 E-6
Airborne 9.5 E-8 (22%) 3.35 E-8 (61%) 1.47 E-6 (79%
Non-airborne 34.5 E-8 (78%) 2.15 E-8 (39%) 0.39E26%)
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Figure 5. The distribution of separation-related acidents (light), fatal accidents (grey)
and fatalities (black) over various accident types.
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Figure 5 shows that 11 out of 185 accidents, &, &e not constituted by a collision but by
last moment manoeuvring to avoid a collision orhitying the wake vortex turbulence from
another aircraft. Moreover, these non-collisioni@ects did not cause any fatality. Statistical
data has also shown that the number of separatiated accidents per flight seems to be
rather constant over different areas in the wondth( a positive exception for the
Australia/Pacific area), and rather stable overybars. However, one should be aware that
the sample sizes often are too small to draw fiomctusions regarding this year and place
invariance.
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Finally, Table 3 shows the average number of taaliper accident due to the various
collision types in Table 2. This clearly shows thhere are large differences in the
consequences per type of collision. The averagebeumif fatalities per accident varies from
0.016 for an accident due to collision with vehjdie 28.2 for an accident due to a mid-air
collision. Hence, if consequences are measurednmber of fatalities then an accident due to
a mid-air collision is a factor 1760 (= 28.2 /0.0X6ore severe than an accident due to a
collision with a vehicle.

Table 3. Average number of fatalities per accidenfior various collision types

Type of collision determining the accident | Averagé fatalities
Collision with aircraft — both airborne 28.2

Collision with moving aircraft on ground 3.8

Collision with aircraft — one airborne 1.57

Collision with standing aircraft on ground 0.095

Collision with vehicle 0.016

3.3 ICAO TLS for en-route fatal accidents

[ICAO Annex 11, 2003], Attachment B states in sattB.2.1: “Where ‘fatal accidents per
flight hour’ is considered to be an appropriateninges target level of safety (TLS) ok50°
fatal accidents per flight hour per dimension sHolde applied for determining the
acceptability of future en-route systems that wel implemented after the year 2000.” It is
quite important to notice that this TLS should gpplhen Airborne Collision Avoidance
System (ACAS) is not taken into account. Apart lus tACAS aspect, the rationale used
behind the argumentation in developing this TLSugak well developed, and this en-route
TLS has regularly been adapted to traffic growthi®%O’s Review of General Concept of
Separation Panel (RGCSP) [Parker, 1996; DNV, 20B8i.example, prior to 2000, the TLS
was a factor four higher, i.ex202 fatal accidents per flight hour and per dimensishich
equals &10°® fatal accidents per flight hour. Based on accidgatistics over 1980-1999, the
estimated mid-air fatal accident risk is 3x35°® fatal mid-air accidents per flight [Hybridge
D2.2, 2003]. If we assume one flight takes abohb@rs, this comes down to aboutx10°®
fatal mid-air accidents per flight hour, which iscait a factor 3.5 lower than the TLS value
posed by ICAO during that period.

Part of the explanation of this factor 3.5 is tif& ICAO en-route mid-air collision safety
target setting does not take airborne based safetty into account. This may lead to the
undesired situation that the ICAO en-route midatision TLS provides no incentive to
improve airborne based safety nets, and to imptbgecollaboration between ground-based
and airborne-based safety nets. For advanced gewueltts of Airborne Separation Assistance
System (ASAS) and further development of ACAS thisran obvious need to take this into
account when defining future TLS values for mid-@oflision. In [RESET D6.1, 2007] it has
been argued that this needs to be changed in todgive airborne self separation a far
chance.

Taking into account a traffic growth factor X sin2800, whereas the frequency of fatal
accident headlines in the news may not increase, tthe TLS should be reduced by this same
factor X. This means that iFly should adopt a TLS3&5x10%X fatal accidents per flight
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hour, and this should apply without taking ACASoirgtccount. Moreover, ACAS should at
least yield a factor 3.5 extra reduction in fatatident risk.

3.4 ESARR4 and EC common requirements

[RESET D6.1, 2007] has reviewed ATM related safetyjuirements by ESARR, EC and SRC
and compared this with ICAO safety requirementsddaon these evaluations the following
conclusions have been drawn.

First of all it has become clear that SRC maintainssistence between ESARR and EC
requirements.

Secondly, important differences between ICAO andARB/EC/SRC safety targets have
become clear:

ICAO and ESARR/EC/SRC differ in scope of their saféargets settings. ESARR4
considers safety targets for safety issues havingTaV direct contribution only, whereas
ICAO does not adopt such limitation.

ICAO and ESARR/EC/SRC differ in scope of their negd safety assessments. ESARR4
requires that hazards combined effects have tdddgified and assessed for ATM-related
credible hazards only, whereas ICAO does not adoph limitation. An additional
limitation of ESARR4 is that combined effects of Mirelated credible hazard(s) and any
other hazard are not required to be covered bgdfety assessment.

ESARR4/EC/SRC required safety assessment refersnagimum probabilities of
occurrence and effect. As has been explained we[Bbooker, 2005] this leads to an
overestimation of safety risks in advanced openati@and thus to placing an undesired
extra hurdle in getting advanced operations acdep@AO does not require this.

Currently, neither ICAO nor ESARR4/EC/SRC safetygéds take any contribution of

ACAS or ASAS to the reduction of safety risk intccaunt. This means there currently is
no mid-air collision risk reduction incentive redarg the improvement of airborne based
systems and neither regarding improving the coHatimn between airborne based
systems and ground-based systems. For advancetbpieeants of Airborne Separation

Assistance System (ASAS) and further developmemR@AS there seems to be a clear
need to better balance the incentives.

The aim of iFly development and safety validatian to properly address the joint
requirements posed by ESARR, ICAO and the potemitabduction and improvement of
airborne based systems and pilot roles.

3.5 SESAR safety observations on separation provision and collision

avoidance

In [SESAR safety, 2007] an initial assessment oSE8E Concept of Operations has been
conducted, which resulted into the following recoemuations regarding separation
provision:

A regulatory approach should be established to getize simultaneous application of
different modes of separation taking in particutéo account the impact on:
o Safety rulemaking and oversight
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0 SMS (e.g. reporting schemes)
» A safety regulatory approach in line with cleamp@ssibilities, rules and procedures
should be established to manage the impact orecel@ensing schemes for pilots and
ATCOs.

These recommendations are based on the followingrgeimpact statements that relate to a

high level understanding of the concept:

» The boundaries of responsibilities change with filmction. Change of competences for
pilots and controllers

* There is a significant impact from the introductmmMASAS in managed and controlled
airspace

» Can the ANSP still be made responsible for segarassurance? Can they still own the
risk for separation assurance?

* There is a requirement to enable monitoring fumgifwarning tools) that are in scope
with the changes in the separation responsibilities

» Are the potential changes to the Safety Managemaygmioach similar to the current SMS
requirements to “external services”?

* There is a significant impact from the introductmmASAS in unmanaged airspace.

* Responsibility for separation assurance lies withuser. Can this conflict with State
responsibility for airspace design

Regarding collision avoidance, [SESAR safety, 20ffes to the following

recommendations:

» There is a requirement for the establishment déaraegulation on the role of safety nets
(i.e. role of airborne safety nets and ground-basdety nets)

» This policy also needs to address

o the owner of the risk
o the owner of the safety case
o liability for risks in interrelated environmen(s.g., human automation issues)

* There is a requirement to assign to an empowefetysagulatory authority
responsibility for developing and implementing arei@ll regulation addressing collision
avoidance

» There is a requirement for early clarification tgpport the development and validation
processes: either to be taken up by SRC or EAS#other arrangement

* Other airborne and ground-based safety nets (&¥V AGPWS, runway incursion
prevention, etc.) should also be addressed byatetysnet regulation

* A new accident model should be developed that seits the SESAR operational
concept (related to re-definition of ATM scope, ¢tians and boundaries)

» Appropriate safety assessment and monitoring metebduld be developed to deal with
the SESAR operational concept

» Safety R&D programmes should be aligned in accardavith SESAR scope change
level understanding of the concept:

» The proposed Target Concept of Operations did xyubee all sorts of features to assure
collision avoidance

» Safety nets appear to be a core part of the futpegational target concept, with a
different level of reliance compared to the curmghiation

» The proposed target concept of operations impliegoage requirements for all aircraft
with the appropriate set of functions (the notippears to be that all aircraft should
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always be visible to ATM and each other), in additihere appears to be an inconsistency
in this context with respect to managed and unmeashagspace

* There is a requirement for a safety regulator inahabled and competent to have an
overall view on the system

» Safety nets at airports seem to be consideredrasfmafe capacity planning (stop bars
concept)

» It appears that the current way in which quantiBatety assessment is done is no longer
appropriate for future collision risks: e.g. airberinfluences, interdependencies:
apportionment concept may no longer be in line whéhnew concept

» Safety assessment methodologies need to be fultivetoped in order to meet the scope
and potential safety issues of SESAR

o interoperability: interdependencies are changing
o0 aviation-wide methodologies are needed

» Different safety research programmes need to dermdigned to meet the SESAR

objectives.

The SESAR Target Concept of Operations takes a plesition with respect to the liability
principles involved with self separation:

“It should also be noted that, even in the caseetiftsgparation, the traditional liability
principles which are currently ruling the distriban of legal liabilities remain appropriate.
Consequently, the safety of such procedures ddedepend on the definition of clear liability
rules, but on whether the safety case demonstthtasthe human factors issues have been
correctly addressed and automation tools, rules pracedures are of sufficient reliability
and accuracy, to support an air navigation contextvhich the pilot can be entrusted with
additional separation tasks.

In order to effectively support this statement anber of issues on the safety regulatory side
need to be resolved [SESAR safety, 2007].

The central question in this rationale is: whertheslegal basis for the safety case? Currently
only ANSPs are required to address the safety padioce of separation provision through
ESARR or EU equivalent regulations. If in practtbe airspace user will take responsibility
for separation provision in the airspace where ERARIr EU equivalent regulations are
applicable, will the airspace user then de factmbee an Air Navigation Service Provider? If
the answer to this question is yes, then the ldgicasequence would be that ESARRs and
EU equivalent regulations would be applicable mwsthairspace users who take responsibility
for self-separation. Another emerging issue in ggsnario would then be how to address
those airspace users that are not directly bounBSARR or SES regulations (e.g. North
American airlines)? It appears that the only felas#iolution to this scenario would be a global
approach through ICAO. But, even if ICAO would Hadeato deliver standards that would
ensure safe operations, the question would renfdiow the individual States would ensure
continuous safety oversight of those airspace ubatsare outside their influence.

If however the airspace users in this concept asghat the responsibility for safety remains
with the ANSPs, then the situation may be different

Assuming that the current arrangement, which pl#oesafety responsibility with the ANSP,
remains unchanged then the situation arises wiheredncept implies that ANSPs delegate
separation responsibility to an airspace user, fmit accountability. However, it may be
possible to delegate responsibilities but not antatility or liability (e.g. issue similar to the
delegation of ATS in cross border arrangements)fato the main accountability and
liability in this concept remains with the Statattthas delegated the responsibility for the
separation provision task to the ANSP.
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In this scenario, the State now has to find a wagrsure that the delegation of the separation
responsibility by the ANSP to the airspace useafose in such a way that the level of safety
of the current arrangement is not reduced. In ot@enable this scenario, States will have to
make a choice: are the State going to ensure safféhye airspace user side with all the issues
raised before, or are they going to ask the ANSPenisure that in the safety arguments
provided by the ANSP, the delegation of the separaesponsibility is covered appropriately
and in a way which is acceptable to the Statendflatter solution is a valid option, then the
guestion would be: how are the ANSPs going to enshiat what all the airspace users are
doing is safe and how are they going to make thissparent and acceptable to the regulatory
authority that is responsible for ensuring the &satesponsibility to the general public for
safety? This question is likely to be even more pglicated where privatised ANSPs are
involved.

An additional consideration is required with regpecthe involvement of Unmanned Aerial
Vehicles (UAVs) or Unmanned Aerial Systems (UASg)the current approach the terms
segregated and non-segregated airspace are uasdetss the impact of UAVsS/UASs on the
ATM system. The safety regulatory framework wilveao find a solution for this emerging
market, probably through rulemaking, certificatiand oversight. However, the first
impression is that issues that are identified lfier delegation of separation responsibility to an
airspace user may emerge even more strongly irdibesission. The basis for this hypothesis
is that the ANSP will not accept responsibility &mparation assurance when UAVs/UASs are
involved.
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4 Scope of safety assessment

In this section the scope of the assessment isfigoecThe scope is expressed belovwboid
statements; after each statement an explanatidroanationale is given.

A. The scope of the safety assessment does notecahe full path towards a completed
safety case, but is restricted to one safety risksaessment cycle

One safety risk assessment cycle is in scope, iichMb is assessed up to which traffic
demands, A ConOps based operation is sufficiently safe. $afety assessment does thus
not aim to cover the full path towards a compledatety case; in this stage of development
the purpose is to provide optimal feedback to tperational developers about the safety of
the developed operation as a function of traffimdad.

B. The scope is restricted to safety assessmentlé A> ConOps operation as developed
within WP1

The scope is furthermore restricted to the safesessment of the®AConOps operation as
developed within WP1. Operational developments ttalke place during the safety
assessment and thus after consolidation of thisrigien are not taken into account, as it is
impossible to assess the safety of an operatidrckizanges in the meanwhile.

C. The scope includes technical equipment, procerks, humans, and all interactions.

The assessment considers the safety’oCAnOps operation consisting of the following &re

elements and their interactions:

* Technical equipment (hardware and software forlatgelling, multi-lateration, runway
incursion alerting tool);

» Procedures (e.g. R/T protocol, identification, Hargdunequipped aircraft, runway
incursion alerting procedure); and

* Human (e.g. pilots) roles, responsibilities andrtbeganisation.

Furthermore, the interactions with the context loé toperation, concerning for example
weather situations or traffic demand can have Baamit influence on the level of safety, and
are thus taken into account in the safety assegssmen

D. The scope includes existing elements and newmlents, and their interactions.
Furthermore, to assess the safety of an operatiencannot restrict the scope to the new
elements of an operation only. For instance, whdomating a certain service, one should in
principle not restrict oneself to assessing thetgadf this automation only, but one should
assess whether the entire operation supportedébgutomated system is safe. Main reason
for this is that when considering only the new etats of an operation one might overlook
interactions between the original and the new efgmd-or example, automation of services
might lead to changes in human roles and respditiski and therefore also in new
unforeseen hazards.

E. The scope includes pilot roles

In the A* ConOps operation, pilots remain the most flexéid creative element to direct the
performance of the overall>AConOps operation, including the management ofithrerrors
and unpredictable events.
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A® ConOps implied changes relative to the currentatjmn will involve a change in the pilot
roles which requires an extensive change managegmnecdss throughout the entire process
of system development, design and implementation.

Continuous social dialogue between management peichtoonal staff at a working level
should be established as one important meansaa\amced change and transition
management process to identify and address thal smpacts of introduced changes.

F. The operation includes ATS, aircraft operations,and aircraft systems, and their
interactions

A® ConOps operations comprise airborne services ssuhd services by making distinction
between the following domains of safety certifioati see e.g. [ED78A, 2000] and [EATMS
SAM, 2004]:

» Air traffic services (ATS): Strategic Flow Control;

» Aircraft systems (equipment): aircraft and equiptmaanufacturers; and

» Aircraft operations: airline operators.

These domains and their interrelations are picturddgure 6.

When considering the AConOps operations of iFly a large part of the gfeanis related to
the Aircraft systems domain. However, the introchrcof new Aircraft systems tools also has
effect on the other two domains. Hence, all thremains are in scope of this document. This
is important for safety assessment, as differegulegions exist in each of the domains.

It is noted that in this document arf &onOps operation is considered to be an Air Teaffi
Management (ATM) operation. ICAO defines ATM to et of a ground part and an air
part. The ground part of ATM consists of ATS, Aipd&e Management (ASM) and Air
Traffic Flow Management (ATFM).

. Aircraft operations
Aircraft P

systems

ATS

Figure 6: A®> ConOps operations are supported by strategic flowcontrol (within air
traffic services), aircraft systems, and aircraft @erations. The interrelations between
these domains are represented by the places whefreetovals overlap.
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G. The scope of air traffic and aircraft operationsconsidered is formed by commercial
air transport

Only General Air Traffic (GAT) is considered, as G&ncompasses all flights conducted in
accordance with the rules and procedures of ICA@s Theans that Operational Air Traffic
(OAT) is not in scope.

Furthermore, three types of aircraft operations lmamlistinguished: commercial air transport
operations, general aviation, and aerial work. \&&trict to commercial air transport, i.e. we
do not cover general aviation and neither militairgraft.

H. UAS and UAYV are excluded from the scope

In [iFly D2.1] a human factors analysis has shohereé are major unsolved issues regarding
the incorporation of UAS or UAV in airspace allosdtto commercial air transport. Because
of this, UAS and UAV are excluded from the scop&\w7.

|. The geographic scope of the assessment is capfl to en-route flight levels above 250
The “en-route” phase of flight is defined by theAld Common Taxonomy Team as:
“Under Instrument Flight Rules (IFR) “en-route” plsa includes from completion of
Initial Climb through cruise altitude and compleatiof controlled descent to the Initial
Approach Fix (IAF)”.
Following [iFly D1.1], en-route phase of flight it strictly confined to flight levels above
some specific height. Within WP7, however, the ag#ion is adopted to consider the flight
levels that are in use for cruise phase of comrakati transport operations.

J. The scope excludes security issues.
Finally, security issues (e.g., sabotage, terrqgrisititary actions) are declared out of scope of
the safety assessment. Such issues can be asg@ssayl, a security assessment.

K. The scope of safety related occurrences is rested to mid-air collisions between two
or more aircraft

A safety assessment can consider a wide range fefysalated occurrences including
different types of occurrences (e.g., Controlledyt#l Into Terrain, Loss of Control) and
occurrences of different severity (e.g., major diecit, fatal accident). Being the most
demanding ones, only mid-air collisions between twmore aircraft are considered.

L. The scope does include effects of ACAS/TCAS

Current regulations from the ATM domain prescribattin a safety assessment following
ICAO and ESARR 4, the collision avoidance functigagaf TCAS should not be considered.
Hence, in collision risk studies ACAS/TCAS typigals declared to be out of scope. In the
current study however, we explicitly incorporate A&YTCAS in order to gain as soon as is
possible the required insight of potential ACAS/TE& Auteraction with ASAS.

M. Transition areas from Airborne Self Separation Arrspace to Managed airspace fall
outside the scope of WP7

Because we only need to develop insight in the thaiiwal A ConOps, we do not consider
any impact of transition areas between Managedoaies and airborne Self Separation
Airspace.
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5 Safety validation methods

5.1 Emerging good practices

Recently, [CAATSII, D13i] has performed an evaloatiof safety methods that emerged as
good practices for Safety Assessment in R&D prgjécim an analysis of:

» CAATS target projects (R&D projects of the VI Franwk Programme)

» CAATS Il target projects (R&D projects of the VI &nework Programme and
SESAR)

* Other relevant European R&D projects

» Experience of the CAATS Safety Team with other bladl and International
collaborative ATM R&D projects.

Table 4 provides the [CAATSII, D13i] listing of tke emerging approaches and their

applicability to the E-OCVM proposed maturity lev&f1 through V4 of a concept proposed
in the E-OCVM.

Table 4: Applicability of emerging approaches to cocept maturity levels V1 through V4

Emerging safety Analysis Approaches Applicable Corapt Maturity Levels

System Function Analysis V1,V2,V3, V4

Safety Fundamentals & Safety Screening V1, V2

Preliminary Hazard Analysis V2, V3

Functional Hazard Assessment V3, V4

Preliminary System Safety Assessment V3, V4

System Safety Assessment V4

TOPAZ methodology V1,V2,V3, V4

Note: Only the maturity levels V1 to V4 are relevéor R&D projects and considered in this table

From Table 4 it can be concluded that the followiogr safety approaches have been
shortlisted by [CAATSII, D13] for application withithe V1 phased safety validation of iFly:

» System Functional Analysis

» Safety Fundamentals

» Safety Screening

» TOPAZ methodology

5.2 Coverage of generic types of evaluation by emerging approaches

Table 5 summarises [CAATSII, D13i] ideas about thpes of subassessments that are
covered by each of the emerging safety analysisoappes presented above. The Table
considers the main focus of each emerging approaticourse, not all these approaches
ensure the same level of depth in their investigatDuring the initial phases of the concept
definition, the safety analysis is done at a vemgliminary level, and needs to be further
refined, as soon as the concept is more mature.
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Table 5: Coverage of Generic Safety Assessment S¢éadoy the Emerging Approaches

Emerging safety Analysis Approaches Applicable gemie types of safety assessment
System Function Analysis Learning the Nominal Opera
Safety Fundamentals & Safety Screening Identifyatidz

Evaluate Risk
Identify Potential Mitigating Measures

Preliminary Hazard Analysis Identify Hazards
Evaluate Risk
Identify Potential Mitigating Measures

Functional Hazard Assessment Identify Hazards
Combine Hazards
Evaluate Risk

Preliminary System Safety Assessment Identify RkMitigating Measures
System Safety Assessment Safety Monitoring andfi¢ation
TOPAZ methodology Learning the Nominal Operation

Identify Hazards

Combine Hazards

Evaluate Risk

Identify Potential Mitigating Measures

Feedback to Operation, Assessment and Design

Table 5 shows that TOPAZ covers each of the appkcgeneric safety assessment types that
are covered by the others, with the exception &tganonitoring and verification of SSS.
The aim of the sequel is to find out whether TOR#GUId suffice, or that there is a need to
make use of other methods also. Prior to doingvedfirst describe the TOPAZ methodology
in subsection 5.3. Subsequently, in subsection thel, TOPAZ methodology is evaluated
against the [SAFMAC, 2006] developed safety valatatjuality indicators (see Annex A).

5.3 TOPAZ accident risk assessment methodology

TOPAZ is an advanced accident risk assessment a@thgy that supports a scenario and
Monte Carlo simulation-based accident risk assessrmok an air traffic operation, which
addresses all types of safety issues, includingrosgtional, environmental, human-related
and other hazards, and any of their combinatiot® main aim of TOPAZ is to model
accident risks that are related to advances in AiiMbrder to provide feedback to the
designers of the advanced operation regarding thie@ sources of unsafety as function of
traffic and environment characteristics, includiagantification. This produces for the
advanced concept design unique insight on whicatwahpacity aspects of the design can
best be addressed to realize the high level oligecii improving capacity without sacrificing
safety. Part of the TOPAZ methodology is to devedopOPAZ Monte Carlo simulation tool
set for an advanced operation. For a number oframbdhoperations a dedicated TOPAZ tool
set has already been developed.

An overview of the steps in a TOPAZ safety assessmsegiven in Figure 7. During step 5
use is made of Monte Carlo simulations for selestddty aspects.
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Identify Construct
hazards scenarios
Determine
operation

Identify
Identify severities
objective
Iterate
(0 ptlo -
frequency

Assess risk
tolerability
Identify safety
bottlenecks

Figure 7. TOPAZ accident risk assessment steps, ttwviMonte Carlo simulation based
assessment step 5

In step O the objective of the safety assessmetrie ag determined, as well as the safety
context, the scope and the level of detail of ts®easment. The actual safety assessment starts
by determining the operation that is assessed (kfef]Next, hazards associated with the
operation are identified (step 2), and clustered aonflict scenarios (step 3). ). In step 4, the
range of potential severity categories of the gafelevant scenarios are identified. In step 5,
the occurrence frequency of the identified severétegories is assessed, which is done with
support of Monte Carlo simulation modelling and lgsis when needed. Using the severity
and frequency assessments, the safety risk asstamth each safety relevant scenario is
classified (step 6). For each safety relevant soe@math a (possibly) unacceptable safety risk,
the main sources contributing to the lack of safeafety bottlenecks) are identified (step 7),
which can help operational concept developersia ifnprovements for the operation. Should
such an improvement be made, a new cycle of thetysagsessment should be performed to
investigate whether all risks have decreased teghgible or tolerable level.

Whenever, for a particular aspect of the operatinder analysis, step 5 is more demanding
than what can be assessed on safety using convehtiethods (e.g. fault/event trees), then
the TOPAZ methodology is to develop and subsequerst a Monte Carlo simulation tool
set for the an advanced operation. This TOPAZ sudp@ddvionte Carlo simulation approach
has significant advantages: 1) the risk estimatalityuimproves, and 2) it is possible to
estimate a 95% uncertainty area. In some applitsitia suitable TOPAZ simulation tool may
be available. Otherwise one should develop a n®@PAZ simulation toolset for this, or
extend an existing TOPAZ toolset. For a numberdviaaced operations a dedicated TOPAZ
tool set has already been developed and applieabévational concepts that range from
runway crossing operations to airborne self sefmaratoncept studies, and during maturity
stages ranging from V1 (early concept studies)utinoV6 (true operations). The main aim
always is to gain insight in the main risks of apertion and their causes. Once this
understood well, operational concept designerallyi are able to improve the operational
concept design such that these main risks areategtigsignificantly.
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5.4 TOPAZ versus safety validation quality indicators

In [SAFMAC2, 2007], the TOPAZ accident risk assesstrmethodology has been evaluated
against the SAFMAC developed set of safety valaatjuality indicators (see annex B). The
main findings are that TOPAZ complies well with mad these safety validation quality
indicators. For some safety quality indicators,oramendations have been provided to use
some additional methods to complement or furthgmrawe the TOPAZ approach. In Table 5,
these recommendations are specified below for tmeesponding safety quality indicators,
together with a short explanation of how this renmndation will be taken into account
within iFly.

Table 6. [SAFMAC2] recommended TOPAZ improvements ad complementary
methods, and how these are planned to be taken ing@count within iFly.

Cl#

[SAFMACZ2] recommendation

How to take this into accant
within iFly

01

n.a.

02

Incorporate  safety  screening as  a
complementary approach and formulate in |
with this guidelines for a standard approach
writing a scoping section.

Apply Safety Screening to the

ieonOps and subsequently use this

pbtentially improve WP7 scope.

03

It is recommended to develop complemen
methods that support regulatory authorities s
as SRC, EASA and DGTL in breakdown of {
safety target up to the level required.

laris recommendation applies
UEMA and airport.
he

04

n.a.

05

n.a.

06

If a deeper level of dependability analysis

technical systems is required then dedicategthin

tools are recommended for complementary u

ohis applies to follow up work
MC

WP9. Then the
seimulation results obtained in WH

are expected to form a powerful

source towards getting the techni
requirements right from an over:
safety perspective.

07

Human performance is often a key determir
of operational safety. In order to validate hun
performance models, the link with hum
performance studies and real-time simulati
should be built in within projects.

\alitthin iIFly WP7 some experiend
n@om  real  time  simulation
aperformed within MFF project ma
ohe used. Any need for addition
human in the loop simulatior

applies to an iFly follow up projec

aiming for phase V2.

08

The Human Factors Case [Mellet and Nenc
2007] is recommended to be wused
complementary method.

lidk qualitative  human  factor|
assessment will be performed
iFly WP2.3; this is aimed to identif
bottlenecks on human responsibil

3>

to

P/

cal
Al

e
5

y
al

~—+

S
by
y
ty

" Detailed information about the Safety Screeningthmdology are in the document
[SafScreen, 07].
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iIssues.

09 | n.a. -

10 | n.a. -

11 | n.a. -

12 | Further development of organisational atidfeasible use novel results withjn
institutional modelling approaches may b€&ly WP7.
valuable. Research addressing a broad view on
the organisation of air traffic and its safety
implications is currently done in a Eurocontrol
CARE Innovative Research project [Stroeve et
al. 2007].

13 | Development of methods to further improweutside WP7 scope.
hazard coverage in MC simulation modelling.

14 | n.a. -

15 | n.a. -

16 | There is room for improvement of the bias ahlimber 1) is in development within
uncertainty assessment along the following pifely WP7.2. Number 2) is in
directions: 1) Multi-dimensional regressiodevelopment elsewhere. As much|as
analysis in combination with Monte Carlas feasible, both developments will
simulations should be explored; and 2) THhee used within iFly WP7.
assessment of uncertainty should be formaljzed
for the evaluation of other model differences
than in parameter values.

17 | n.a. -

18 | It is recommended to formulate guidelines |fér brainstorming workshop with
organizing and moderating brainstorms widxperts on hazard mitigation has
operational experts to identify mitigatindeen scheduled within WP8.5. WP7
measures. will prepare organization and

moderation guidelines for this
brainstorming.

19 | n.a. -

20 | Analyse which elements in a TOPAZ risK feasible, do so within WP7.
assessment require most effort, and invest in
those in order to reduce recource requirements.

21 | Develop ways of reporting to describe thefeasible, do so within WP7.
Monte Carlo simulation model between the
high-level overviews and detailed Petri Net
representations. Develop tools that make it
easier to extract results of the performance of
individual agents (humans, technical systems) in
the Monte Carlo simulations, which increase the
understanding and trust in the risk assessment
results.

22 | n.a. -

23 | n.a. -

24 | n.a. -

25 | n.a. -

26 | n.a. -

27 | Further development of simulation speed-up Teawithin WP7.
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techniques to be able to assess complex

traffic scenarios.

air

28

In documentation of Monte Carlo simulatid

based risk assessments emphasis often i
presentation of the accident risk results
various  conditions. To  promote
understanding of the Monte Carlo simulat
models, more results should be simulated
documented on the performance of the ag

(humans, technical systems) in the simulation

the

nFo do so within WP7 documentatig
sobMonte Carlo simulation studies.
in

jon
and
ents
S.

29

n.a.

30

To better understand, through an example,

relation between TOPAZ

the Dutch ANSP.

results and SEE
(Safety Environment Efficiency) reports, and {
role this plays in the decision making process$ of

the

he

31

n.a.

32

n.a.

n

In the next section, the proposed ways of how ke the recommendations by [SAFMAC2]
into account within WP7 are incorporated in the V¢Riety validation plan.
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6 WP7 safety validation plan

WP7 assesses the’ Bperations developed by WP1 and WP2, through hagertification
and Monte Carlo simulation on accident risk asrection of traffic demand, to assess what
traffic demand can safely be accommodated by tthisrced operational concept, and to
assess the efficiency of the flights. The accidesht levels assessed should be in the form of
an expected value, a 95% uncertainty area, anccangmsition of the risk level over the
main risk contributing sources. The latter verifiggich of these sources should have been
mitigated during the™ design cycle of the Aconcept. This work is organized in four sub-
WPs:

« WP7.1: Monte Carlo simulation model of Aperation
 WP7.2: Monte Carlo speed up methods

*  WP7.3 Perform Monte Carlo simulations

*  WP7.4 Final report

For each of these sub-WP’s the work planning asdueee allocation is provided below. The
work planning forms an improved version of the ameéhe technical annex of the contract.
The improvements are in line with those recommendede right hand side column of Table
6.

Resource allocation within WP7

Partner NLR | TWEN | INRIA | HNWL | UCAM | ENAC | Isdefe | PoliMi| UTartu| EEC Total
WP7.1 10 8 3 0.5 1 0.5 0.5 23.%
WP7.2 7 11 8 6 4 2 38
WP7.3 5 9 2.5 0.5 17
WP7.4 4 1 1.5 0.5 1 0.5 8.5
Total WP7| 26 29 8 7 6 5 2 2 1 1 87

WP?7.1: Monte Carlo simulation model of A operation

The development of a Monte Carlo simulation modelAd operation is accomplished through a
sequence of steps. First a scoping has to be petbrregarding the desired risk and capagcity
simulation study. An important aspect of this sogpiis to identify the appropriate safety
requirements to be derived from ICAO and ESARR4l&ipn. Sections 3 and 4 of this report have
provided initial drafts of these scoping and safetsgets. Upon completion of the® A£ZonOps b
WP1, then the Safety Screening approach will bdéieghpand possible improvements in scoping may
be made. Next a hazard identification and initetdrd analysis is performed for thé éperation a
has been developed by WP1 and WP2. After theseamepns the main work can start: the
development of a Monte Carlo simulation model thaptures the accident risk and the flight
efficiency of the A operation. Such a simulation model covers the luaral technical agents, their
interactions and both the nominal and non-nomispkats of the operation. Special attention wil| be
given towards describing the Monte Carlo simulatmadel at some level that sits well in betwegen
one of a high-level overviews and one of a detaietti Net specification.
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Milestonesand expected results

TO+6: Start of WP7.1, which runs for a while in @&l with WP1 and WP2. During this period W
has the possibility to identify operational conceggues which have not yet been defined wel
WP1 & WP2. On these issues design decisions hake taade by WP1 and WP2. For issues w
WP1 and WP2 have not decided at TO+10, within WR7Hlypothetical assumption is adopted
well documented in order to be taken into accouming the bias and uncertainty assessment dd
WP7.3.

TO0+18: Where needed, adopt hypothetical design ngsisons and document these well. T
specification of the Petri net model may now start.

T0+28: The Petri net model is completed. Hencedéheslopment and testing of the simulation ¢
can start, in parallel with the development of deelicated Monte Carlo speed up approach of WP

Deliverables:

D7.1.a: Scoping and safety target report (TO+%liEu

D7.1.b: Hazard identification report (TO+22; Pabli

D7.1.c: Report on Petri Net modeling of thiaperation (T0+28; NLR internal)

P/
nere

and
Iring

he

hde
7.2.

WP7.2: Monte Carlo speed up methods

In order to run this Monte Carlo simulation model to the level of collision risk, a large factor
Monte Carlo simulation speed up is required. Tleger&tP7 incorporates a further development of

in
the

innovative HYBRIDGE speed up approaches in rareeMonte Carlo simulation. As such, we start

with a review of the Monte Carlo simulation basedident risk assessment situation. Subseque
potential candidates are identified that are exqubtd provide significant room for the developm
of complementary speed-up and bias and uncertasggssment techniques. In order to spread

ntly
ent
I the

risk as much as is possible, within this task waioptions for improvement are identified and these

are subsequently elaborated and tested withinlphtasks. Several options are already known af
moment of proposal writing, e.g.:

» Develop an effective combination of InteractingtRée System based rare event simulatiof
with Markov Chain Monte Carlo speed up technique

« Develop a method to assess the sensitivity of plalaircraft encounter geometries to
collision risk, and develop importance samplingrapphes which take advantage of these
sensitivities.

« Develop novel ways how Interacting Particle Sysggmed up techniques that apply to a p3
of aircraft can effectively be extended to situas@f multiple aircraft.

» Develop an efficient extension of Interacting RaetiSystem based rare event simulation fg
application to hybrid systems

« Combine Monte Carlo simulation based bias and saicgy assessment with operation des
parameter optimization.

the

N

ir

-

agn

the

The most promising candidates are explored andesulesitly the results are integrated with
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innovative speed up approaches developed within RNDEE. This way we prepare a speed|up
approach for application to the Monte Carlo simalamodel of WP7.1.

Milestonesand expected results
TO: Start of WP7.2

TO+20: A critical review is performed of the progsemade so far within WP7.2, and where necegsar)
a revision of the plan and the priorities will [meitified. If the difference between expectationd ja
findings stays too far behind the expected need&/B7, then the follow up work within WP7.2 wijll
be reformulated. This reformulation then may ineladchange in internal deliverables.

T0+28: WP7.2 should have developed sufficient spgedethods which in combination provide the
Monte Carlo speed up factor needed for effectiventdcCarlo simulation within WP7.2.

Deliverables
D7.2.a: Review of air traffic risk assessmentagitun (TO+6; Public)
D7.2.b: Report on combining Interacting Particlst®m with Markov Chain Monte Carlo simulatign
(TO+20, Public)
D7.2.c: Interim Report on importance sampling afitmaircraft encounter geometries
(TO+20, Internal)
D7.2.d: Report on IPS extension to multiple aiftof&0+20, Public)
D7.2.e: Report on interacting particle system msitens to large hybrid systems (T0+20, Public)
D7.2.f: Report on optimization combined with basl uncertainty assessment (T0+28; Public)
D7.2.g: Final Report on Monte Carlo speed up swi0+32; Public)

WP7.3 Perform Monte Carlo simulations

Monte Carlo simulations are performed to asseshtflefficiency and collision risk of the °A
operation, including a bias and uncertainty assessnSubsequently a final report is produced which
shows the assessment results obtained fooperation. In this report it is also shown whictiesy
bottlenecks should have been mitigated by th€a8nOps of design cycle 2.

Regarding the factor X in traffic increase, thegmsal is to use the en-route traffic data thathesen
used within the HYBRIDGE project [Hybridge, D9.4)(5] as reference point, i.e. for this samplg, X
= 1. This traffic sample has been taken from Eerop a busy day in 1999, from one of the bugiest
en-route sectors in Europe (e.g. an en-route settove Frankfurt). This X=1 traffic density is then

assumed to apply homogeneously throughout the caespThe aim is to make graphs of the
probability of safety relevant events (mid-air, Neaid-air, Infringement of Minimum Separation,
Short term conflict, Medium Term Conflict) as fuioct of the factor X, at least ranging from 1 to 6
(and preferrably from 0 to 10). Similar graphs dddae made of cost-effectiveness aspects.

During the Monte Carlo simulation-based risk assesdg, and the documentation of the resplts
obtained, special attention will be given to th8uence of the performance of the various agents
(humans, technical systems) on the simulation tesbitained.
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Milestonesand expected result

T0+28: The Petri net model is completed. Hencedéheelopment and testing of the simulation ¢
can start, in parallel with the development ofdeelicated Monte Carlo speed up approach of WP

T0+32: The straightforward Monte Carlo simulatiade should be working well. From this point
the dedicated speed up approach will be implemeantedested.

TO+34: The Monte Carlo speed up approach is workied. From this point on the accident ri
simulations including bias and uncertainty assessicen be performed.

TO+36: Sufficient Monte Carlo simulation resultssedeen collected to start drafting the final rey
with those results and initial analysis. The outeonf this initial analysis will identify what ar&ée
main still outstanding issues that have not yehismted out sufficiently well.

Deliverable
D7.3: Intermediate report on accident risk assesswf advanced autonomous aircraft operatior
(TO+38; Internal)

hde
7.2.
on

sk

)or

WP7.4 Final report

communication and reporting of the TOPAZ resultsiégision makers, and the role this plays in
decision-making process. In support of this, WPl wrepare guidelines for WP8.4 for tf
organization and moderation of a brainstorm witherapional and design experts to ident
mitigating measures for the main safety bottlenéd&stified for the A ConOps.

Milestones and expected results
TO0+38: Intermediate report for requirements asseasuomse in WP8.4 and WP9.4.

T0+38: Guidelines for the organization and moderatf a WP8.5 brainstorming workshop in or¢
to generate potential mitigating measures for taemafety bottlenecks identified.

TO+44: Final report, including bias and uncertaim$gessment and safety bottlenecks.

Deliverables
D7.4: WP7 final report on accident risk assessrmoéatlvanced autonomous aircraft operation
(TO+44; Public)

This is the finalization of the WP7 work and thalfmeport. Special attention will be given to the

the
ne

ify

er

D10.2.1.sub: Scientific paper(s)
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7 Concluding remarks

This report has developed the scoping, the safeget of the WP7 safety analysis within the
setting of E-OCVM phase V1, and in line with E-OCY8\tructured planning framework. In
Section 1, the objective of WP7 is explained, bwithin the context of iFly and within the
context of the E-OCVM framework. In Section 2, daled inventory of stakeholders and
their expectations has been identified. In Sec8pnhe key safety target sources that are
potentially of relevance to iFly WP7 have been tded, and ICAQO’s en-route Target Level
of Safety setting, together with historical mid-aollision statistics, have been identified as
the key sources for defining appropriate safetgdts within iFly WP7. In Section 4, the
preliminary scoping of the WP7 safety assessmentbkan identified; this may be improved
as soon as the®AConOps operation description has been completetittas A ConOps has
undergone a Safety Screening assessment. In SéGtib@PAZ has been identified as the
right candidate safety method, together with someensions, most of them can be
accommodated either within iFly or fall outside gwpe of iFly. In Section 6 the WP7 safety
validation plan has been made fully in line witle tiechnical annex to the iFly contract, and
where possible with the kind of extensions and swpments identified in Section 5.
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Annex A. Elaboration of stakeholder groups

Airspace users

Examples of airspace users are:
» Airlines

* Military users

* Military operators

» General aviation

* Charter carriers

» Cargo operators

» Business aircraft operators

Human Society

Human society covers all people, e.g.:
» Passengers

» Potential passengers

» Airport neighbouring inhabitants

* Municipalities

* Environmental movements

Regulatory and supervisory authorities / bodies

Theseactors include National, European and Internatiandhorities, e.g.

* NSA (National Supervisory Authority), i.e. a bodpminated or established by states
which is independent of service providers at least functional level and according to the
existing regulatory framework, supervises the impatation of requirements applicable
to the provision of ATM services to general aingport. See [ESARR 1].

* EASA (European Aviation Safety Authority), estabksl by the European Parliament and
Council in 2002. The aim of EASA is to create atcanCommunity body to promote the
highest common standards of safety and environrh@ntdection in civil aviation, to
oversee their uniform application across Europd,tarpromote them at world level.

» CAAs (Civil Aviation Authorities). Each CAA shouldepresent the particular opinions
and constraints of each country involved in theglenATM system in Europe. The
systems which will be deployed in its territory shlbbe approved by this authority.

* JAA (Joint Aviation Authority), which is an assot@d body of the European Civil
Aviation Conference (ECAC) representing the ciwilagion regulatory authorities of 39
European States (in September 2005). It is theeotiunified organisation in Europe for
airborne equipment certifications. All configurai® which include any elements any
should be validated with the participation of JAA.

» Certification institutes

* ICAO (International Civil Aviation Organisation)

» EUROCAE (European Organisation for Civil Aviatioutpment)

» Eurocontrol Safety Regulatory Commission

* GASR (Group of Aerodrome Safety Regulators), a ntalty organisation with no formal
institutional identity, which, through mutual coeygtion, aims for harmonisation of the
safety regulation of aerodromes encompassing dwthairport infrastructure and the
airport operations.

3" February 2009 TREN/07/FP6AE/S07.71574/037180 iFly Page 42/53



iFly

6" Framework programme Deliverable D7.1a

Policy makers

Policy makers include:

Ministry of Transport

Ministry of Defence

The European Commission as the main political authon Europe. Political aspects to

be taken into account in validation activities with a large extent originate in European
Commission.

Eurocontrol Headquarters (EHQ)

ECAC Member states; The European Civil Aviation féoence currently consists of 42

Member States comprising almost all European Stdtt®bjective is to promote the

continued development of a safe, efficient andasnable European air transport system.
ECAC issues resolutions, recommendations and pdieyements which should be

brought into effect by its Member States.

Air Navigation Service Providers
These actors are:

National ANSPs (Air Navigation Service Provider§)rganisations such as LVNL,
AENA, ANA, NATS, etc. use the current ATM systenospirovide ATS services and will
use the future ATM systems.

Eurocontrojas ATS service provider for a part of Europe, Bgastricht UAC

ASM (Air Space Management) service providers

ATFM (Air Traffic Flow Management) service proviger(CFMU (Central Flow
Management Unit) of Eurocontrol)

ATS (Air Traffic Services) providers (ATC (Air TrA€ Control) centres, FIS (Flight
Information Services))

SAR (Search and rescue)

Military airspace planners

Airports
These actors are:

Airports national
Airports regional
Airport authorities

Manufacturers
These actors are:

» Aircraft manufacturers

» Aircraft equipment manufacturers

» Ground-based equipment / systems manufacturers
* Supply industry

* Aeronautics Industry

Human operators

These actors are:

» Controllers (Supervisors, Planning controllers, &iieve controllers, CFMU operators)
» Aircraft crew (Pilot)

» Technicians

Other Service Providers
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These actors are

» Maintenance service providers

» AIS (Aeronautical Information Services) providers

» Meteorological service providers

» Telecommunication service providers

» Satellite communication service providers

» Eurocontrol, as the body which manages and harl#esn route charges which the
airlines pay to ATS service providers. Any changéhie system will impact air navigation
operational procedures and the charges associatethem.

» Specialised organisations: Several organisatiofsinope are specialised in some area of
the ATM system. For example
» SITA (Aeronautical Telecommunications InternatioBakiety).
» European Space Agency (ESA), which could be esihemaolved in the ATM space

segment.

Associations and Federations

This group includes associations, organisationsans related to air transport, e.g.:

» AEA (Association of European Airlines), which has@ember airlines, see
http://www.aea.be/AEAWebsite/Presentation_Tier/RyodUs.aspx

* ERA (European Regions Airline Association), an asgmn of over 220 companies,
including 67 airlines, 40 airports and over 1150asse and affiliate members comprising
aircraft & engine manufacturers, international &iomal airports and avionic suppliers &
service providers, http://www.eraa.org/.

» |IATA (International Air Transport Association). Resents some 265 airlines comprising
94% of international scheduled air transport.

» |FALPA (International Federation of Air Line Pilofssociations), http://www.ifalpa.org/

* IFATCA (International Federation of Air Traffic Cawollers' Associations),
http://www.ifatca.org/

» CANSO (Civil Air Navigation Services Organisatiohfp://www.canso.org/canso/web/

* ACI (Airports Council International) Europe, a peskional association of airport
operators; represents some 400 airports in 45 [Earopcountries, http://www.aci-
europe.org/.

» ASD (Aerospace and Defence Industries Associatidfuoope), represents the
aeronautics, space, defence and security indugtriesrope in all matters of common
interest with the objective of promoting and supipgrthe competitive development of the
sector. ASD has 30 member associations in 20 desrdcross Europe and represents over
2000 companies with a further 80000 suppliers, nadrwhich are SMEs. http://www.asd-
europe.org/Content/Default.asp?

* ATCEUC (Air Traffic Control European Unions Coordiion), http://www.atceuc.org/

* Aviation Meteo Group

» EBAA (European Business Aviation Association), ttpww.ebaa.org/

» ECA (European Cockpit Association), associationFoght Crew Unions from across
Europe. Based in Brussels, ECA presently has 27 WhéenAssociations, representing
34300 pilots from 27 countries.

* ELFAA (European Low Fares Airline Association),httwww.elfaa.com/

* |ACA (International Air Carrier Association), httpyww.iaca.be/

3" February 2009 TREN/07/FP6AE/S07.71574/037180 iFly Page 44/53



iFly 6" Framework programme Deliverable D7.1a

* IAOPA (International Council of Aircraft Owner amilot Association), a non-profit
federation of 53 autonomous, nongovernmental, natigeneral aviation organizations.
http://www.iaopa.org/

Other actors

The miscellaneous group includes:
e Universities

e Aviation consultants

* Independent research institutes
» Government researchers

e Education institutes

* Incident / accident investigation
* Publishers in aviation

* Public media

* Eurocontrol Research Centre and own programmes (HEAF & EATMS)
* Insurance firms

» Committees
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Annex B. Safety validation quality indicators

Safety validation is the process aimed to valilake safety of a particular operation.
Depending on the user requirements, such methocbeamsed e.g. to assess whether this
operation satisfies a safety design target, itioditate which aspects of the operation require
attention and further development, and/or it caswan other safety-related questions.
Obviously, a safety validation can be done in ddfe ways, and the quality of the result will
depend on how the safety validation process is donethe quality of the input and the
experts used, which safety issues were evaluatetwdich aspects of the operation were
sufficiently covered.

[SAFMAC, 2006] has developed a consolidated senditators that are of use to judge how
well a given safety validation method satisfies dhgective of developing a good safety case
for a major change in air transport operations. @xample candidate indicator is
“Transparency”, denoting that transparency of atgabalidation process is considered a
relevant aspect for developing a good safety casesfich major change. Of course,
transparency covers only one important aspectvandre looking for a consolidated set of
indicators that together cover all important aspect

The process towards developing such consolidateédofendicators started with the
identification of many potential candidate indiggtoMain sources used were a brainstorm
session with experts in air traffic operations, ulagjons and safety, and an extensive
identification of indicators from several literagusources. This literature included sources in
which techniques of various natures (e.g. humarofac computer processes, technical
systems) were evaluated on different aspects. &keltrwas a long list of more than 200
candidate indicators, amongst which some doubles.

Next, the resulting long list of candidate indiaatevas divided into initial groups, based on
the types of requirements of the safety validaframework for major changes. Examples of
initial groups were: Indicators related to interaigs with air transport design, Indicators
related to international acceptability, Indicatoedated to certain safety assessment steps.
Subsequently, per initial group, by an iterativeqass, the list of candidate indicators was
consolidated through discussion, evaluation, andeexreview. Main challenges in this
iterative process were to be consistent and exivaustth respect to the study objectives, and
to find a suitable formulation for each indicatarhich allows to measure a given safety
validation method against the indicator.

The consolidated set consists of 32 indicatorsciwiiere finally re-ordered, numbered CI-01
through CI-32 (where Cl denotes consolidated irtdigaand divided into the following six
groups:

— Indicators related to the scoping of safety valatat

— Indicators related to coverage of certain aspddiseooperational concept

— Indicators related to risk assessment

— Indicators related to feedback to Concept of Opmnat(ConOps) development

— Indicators related to organisation of safety asaess

— Indicators related to supporting decision and pyat@akers

" Commonly, ‘validation’ is defined as answering theestion “are we building the right system?”, ppased to
‘verification’, which is defined as answering theegtion “are we building the system right?”
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Indicators related to the scoping of safety validabn

The first group contains indicators related to sogpmf a safety validation of major changes
in air transport operations. It contains four elatsgnumbered CI-01 through CI-04, which
are described and motivated below.

CI-01: Information / data neededihis indicator measures how well the method canlyce
effective results if there is only limited inputfanmation available from operational concept
designers. The motivation for including this indarais that especially in the early stages of
operational concept development, there usuallyniy émited information available. The
safety validation framework should still be ablgtoduce effective results.

ClI-02: Scoping the assessmeiihe second indicator measures how well the fraonkew
handles scoping, which entails writing a safetynplat specifies the scope of the safety
assessment and outlines a “route map” for thesatessment. It also measures if the safety
target is defined outside the safety assessmertivéion for including this indicator is that
scoping of the assessment is one of the key stepsyosafety assessment. If this step is
skipped or not done properly, the effects on Iateps can be significant, e.g. leading to
miscommunication or to forgotten elements, anddaiations from expectations of decision
makers or other authorities. Scoping should incltiee identification of safety targets, but
independent of the safety assessment.

Cl-03: Safety Target breakdowihis indicator measures if the method suppolisesakdown

of the overall safety target to the level of deta&uired, e.g. into risk budgets for sub-
operations, during all stages of the lifecycle. Baéety validation framework should support
this breakdown.

Cl-04: Learning the nominal operationhe final indicator in this group measures howlwel
the safety assessment framework supports learrfitfgeonominal operation, i.e. learning to
understand the operation and systems as they skarld or function. The safety assessor
should invest time in learning how the operatiod ah of its elements work before the actual
safety assessment can commence. Annex A. Safegsgeent Quality Indicators

Indicators related to coverage of certain aspects ¢the operational concept

The second group contains indicators related t@r@me of certain aspects of the operational
concept for a major change in air transport openati It contains eight elements, numbered
CI-05 through CI-12, which are described and maogigidelow.

CI-05: Identifying hazardsThe first indicator in this group measures howl weazards are
identified, including hazards that may not be knoyet, but may occur in future operations.
And it measures if the hazard identification covallsaspects of the future operation. The
motivation is that hazard identification is impatain any safety assessment. If certain
aspects of the operation, e.g. procedures, orgamsaor aspects that are not easily
imaginable, are not covered, then these are likisly forgotten in following steps.

Cl-06: Coverage of technical systenTis indicator measures how well technical system
(hardware and software) are covered by the safetgsament, including technical systems
that can be expected for future operations. Matwats that major changes in air transport
will incorporate new technology. This should be r@dded by the safety validation
framework.

CI-07: Coverage of human factors for riskd_CI-08: Coverage of human factors for human
Air transport typically has a major human factoosnponent. Indicator CI-07 measures how
well human factors are covered from risk perspectiacluding human factors that can be
expected for future operations. It takes the hurfi@@tors perspective of the safety risk of
conducting the operation considered, which incluge@san error. Indicator CI-08 measures
how well human factors are covered from human getsge, including human factors that
can be expected for future operations. Motivatibimoluding CI-08 in addition to CI-07 is
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that considering humans as a source of error agnigtich too limited a perspective in safety
assessments.

CI-09: Interactions and environmerikhis indicator measures coverage by the method of
interactions between multiple agents in the openage.g. air traffic controller, pilot, military
ATM, navigation and surveillance equipment, seanl rescue), and with the environment
of the operation. Generally, certification of terah systems and human training ensure that
each of the elements of the operational conceptsafety certified’ individually. However,
usually, it is the interactions between these etgmand with the environment that create
most risk.

The three final indicators in this group are Cl-O@verage of procedure€l-11: Coverage of
organisationand_CI-12: Coverage of institutional elemertigere, CI-10 measures how well
procedures are covered, Cl-11 measures coveragieeobrganisation within and between
stakeholders, and CI-12 measures coverage ofutigtil elements. All three also cover
those elements that can be expected for futureatipas. The motivation for including these
indicators is that major changes will usually inn®replacement or change of procedures and
re-organisation of air traffic control and/or aiase, and will also influence and be influenced
by institutional elements, i.e. interactions betweeganisations at a higher level. The safety
validation should address these changes and irdhseoroperly.

Indicators related to risk assessment

The third group contains indicators related to Eskessment of major changes in air transport
operations. It contains four elements, numbered3through CI-16, which are described and
motivated below.

CI-13: Combining hazardsThis measures how well the identified hazards cmabined,
connected to safety-related scenarios and evalulskeiivation is that the assessment of each
identified hazard individually gives no insight how the combinations of all hazards and
other elements influence risk for the total operatiTherefore, hazards should be combined in
a risk framework of safety-related scenarios.

Cl-14: Evaluating riskThis measures how well the framework evaluatesigk according to
the identified scenarios. This risk framework sldobé evaluated in a way that corresponds
with reality as closely as possible. The adoptibassumptions, the effect of which cannot be
estimated, should be avoided where possible.

CI-15: Coverage of nominal riskThe fifteenth indicator measures how well the hodt
addresses the risks during normal (nominal) opamatii.e. the systems and procedures are
designed and a hazard-free scenario is being cenesidincidents and accidents may happen
even if there are no obvious causal hazards toldmdua. These situations may form an
essential aspect of the safety of the operation.

Cl-16: Approximations analysed'he final indicator in this group measures howll vlee
framework identifies and evaluates approximatiorlenwith respect to reality. During any
safety assessment many assumptions are adopteapprakimations are made, e.g., there is
an implicit assumption that all important hazardseé been identified. The safety validation
framework should encourage the safety assessordeatiiy and evaluate all these
approximations, in order to check if they are reatde and if the deviation from reality is not
too large. Without insight into the combined effe€tall approximations, the assessed risk
result is meaningless.

Indicators related to feedback to ConOps developmén

The fourth group contains indicators related tabeek to ConOps (Concept of Operations)
development of major changes in air transport dmers. It contains three elements,
numbered CI-17 through CI-19, which are describetiraotivated below.
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Cl-17: Feedback and communicatidrhis indicator measures how well feedback (if)aisy
communicated with operation design. Key to thetgafalidation framework is that it should
provide effective feedback to operational concegtetbpment, during all lifecycle stages. For
major changes, the safety effect may not at alpieglictable, even by experienced experts.
Safety validation results that are conflicting wilie intuition of experienced domain experts
may be acceptable if the safety assessors canrmongly explain why.

Cl1-18: Supporting risk mitigatianThe safety validation framework should not onlyega
yes/no answer to the question: is this operatidficently safe?; it should also provide
support to operation designers on how to identifgtsgies that maintain or improve safety,
now and in the future. These mitigation strategaes best identified by the operational
concept designers themselves, but the safety validshould give effective support.

Cl-19: Monitoring / verifying actual riskThe final indicator in this group measures how we
the framework supports the monitoring and verifaratof actual risk. Once the operational
concept is implemented and operational, the safaligation framework should continue and
monitor safety, and verify if safety is indeedls tevel predicted.

Indicators related to organisation of safety asses®sent

The fifth group contains indicators related to a@rgation of safety assessment of major
changes in air transport operations. It containeselements, numbered CI-20 through CI-
26, which are described and motivated below.

CI-20: Resource requirements (equipment and peedpnnhis measures if the level of
resources needed is reasonable for the resultgeedsdi (where resources refers to number of
personnel, their training, availability and lengihtheir time required by the study, as well as
equipment and administrative support requiremeritsg people who are going to pay for
performing the safety assessment of a new operaiiibbe interested to know what applying
the framework requires in terms of resources.

Cl-21: Criticism l.e. is the method able to withstand criticism@ R safety validation
framework to get support, nationally and internaailby, not only technical but also political
aspects need to be addressed. E.g., several atjanss already invested in a safety
assessment framework of their own, and will want dee that one implemented
internationally, rather than another one. On theeohand, if the new framework can really
show to have advantages above existing oneswetigstand criticism better, the support will
be found easier.

Cl-22: Level of safety expertise requirekhis indicator measures how well the method poses
requirements on the designated safety assessawv&the proper operational safety expertise
background. The safety validation framework canydm used in an effective way if the
safety assessors who use it satisfy the applicakpertise requirements. The framework
should provide a way to test and ensure this.

For a safety validation framework to be acceptalhhe safety process steps should be
transparent. The problem is that transparencyseifimay be hard to measure; it is strongly
dependent on the expertise and experience of tremmpeeviewing the method and results.
Therefore, here, transparency is represented byrteasurable indicators, the first one being
Cl1-23: Documentability of process stepg. what is the degree to which the framewonrdte
itself to auditable documentation? and the secaredbeing CI-24: Consistencye. how well

is the consistency of the use of the frameworkhstiat if used on two occasions by
independent experts, reasonably similar resultsdaréved? If the process steps are not
documentable, they can never be transparent. Gensismay also cover structuredness and
reproducibility to some extent.

Cl-25: Compliance to ESARRSs, CR, ICA®his indicator measures the level of compliance
to international norms and regulations such as BBA\RCommon Requirements (CR) of the
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EU, and ICAO requirements, or other internationafjuirements (e.g. aircraft-related
certification/performance requirements). There egkevant points of criticism regarding
ESARR 4 and the CR, and it is possible that thdlybgiupdated in the near future to take this
criticism into account. However, throughout theesathey are regarded as a standard, and in
many places, their compliance is considered esddatiacceptability.

Cl1-26: Flexibility. This indicator applies in case of a modificatiarthe operational concept
description when the safety assessment is alreadjoitng, and measures how much
additional time/effort is required to update théepaassessment accordingly. Motivation is
that the safety assessment should fit in the ptenof the design, and must therefore not need
too much time to produce results. Related to thishat the framework should be able to
produce effective results even if the input is sabjo change.

Indicators related to supporting decision and polig makers

The sixth and final group contains indicators mdiaio supporting decision and policy makers
involved in major changes in air transport operatidt contains six elements, numbered ClI-
27 through CI-32, which are described and motivaiddw.

First, there are three more indicators relatedaiosparency. The first one is

Cl-27: Transparency regarding applicabilifyhis asks to what extent it becomes clear which
applications (e.g. air transport operations, aftdtght, runway incursions, Single European
Sky) are accommodated. The framework should beicgipé to the safety validation of
major changes in air transport operations. Theeefihre framework should provide clarity on
whether this is the case, and whether there arnéations to the types of operations that can
be covered. The second indicator is

Cl-28. Transparency of result¥his indicator measures transparency of the tgsulhere
transparency is defined as understandable, trazeatd well documented. Even if the safety
validation process steps followed are all transpaie may still occur that the results are not.
The audience of a safety case should be able tersiiathd the results, and be able to trace
how they were obtained. The third indicator is

ClI-29: Transparency of safety assessment procHss indicator measures the extent to
which the steps in the safety assessment procesamework are transparent to the safety
assessor. A safety validation framework will notused if the safety assessors are not able to
understand what they are doing and why, even \welptoper training.

CI-30, CI-31, CI-32:Finally, there are three groups of stakeholdersdfe air transport
operations who deserve an indicator of their ovne $afety validation framework should
provide them with proper support, for them to béedao do their job. They are decision
makers (CI-30: Support to decision maklersegulatory authorities_(CI-31: Support to
requlatory authorities and safety oversight (CI-32: Support to safetgreigh). Regulators
should get support in order to set or modify regofes for air transport operations. Safety
oversight is a function by means of which statesuem effective implementation of the
safety-related Standards and Recommended Practoes associated procedures. An
individual state’s responsibility for safety oveyisi is the foundation upon which safe global
aircraft operations are built. Lack of appropriag@&fety oversight in one state therefore
threatens the health of international civil airti@eration.
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Annex C. Acronyms

A3 Autonomous Aircraft Advanced

A* Automated-ATM supported Autonomous Aircraft Advadc
ACAS Airborne Collision Avoidance System

ACI Airports Council International

AEA Association of European Airlines

AIS Aeronautical Information Services

ANS Air Navigation Service

ANSP Air Navigation Service Provider

AOC Airline Operational Centres

APW Airborne Proximity Warning

AQUI University of I'Aquila

ASAS Airborne Separation Assistance Systems

ASD Aerospace and Defence Industries Associatidbuobpe
ASM Air Space Management

A-SMGCS Advanced Surface Movement Guidance andrGlb8ystem
ASOR Allocation of Safety Objectives and Requiretsen

ATC Air Traffic Control

ATCEUC Air Traffic Control European Unions Coordiitan

ATCO Air Traffic Controller

ATFM Air Traffic Flow Management

ATS Air Traffic Services

ATM Air Traffic Management

AUEB Athens University of Economics and Businessé@ech Centre
BIP Background Intellectual Property

CA Consortium Agreement

CAA Civial Aviation Authority

CAATS Cooperative Approach to Air Traffic Services

CANSO Civil Air Navigation Services Organisation

CARE Co-operative Action of R&D in Eurocontrol

CNS Communication, Navigation and Surveillance

ConOps Concept of Operations

DSNA DSNA-DTI-SDER (formerly CENA)

EASA European Aviation Safety Authority

EATCHIP European Air Traffic Control Harmonisatiand Integration Programme
EATMS European Air Traffic Management System

EBAA European Business Aviation Association

EC European Commission

ECA European Cockpit Association
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ECAC European Civil Aviation Conference

EEC Eurocontrol Experimental Centre

EHQ Eurocontrol HeadQuarter

ELFAA European Low Fares Airline Association

EM Exploitation Manager

ENAC Ecole Nationale de I'Aviation Civile

E-OCVM European Operational Concept Validation Melblogy
ERA European Regional Airlines Association

ESA European Space Agency

ESARR Eurocontrol Safety Regulatory Requirement
ETHZ Eidgenossische Technische Hochschule Zirich
EU European Union

FAA Federal Aviation Authority

FAR Federal Aviation Regulations

FIP Foreground IP

FIS Flight Information Services

GAT General Air Traffic

GPWS Ground Proximity Warning System

HNWL Honeywell

HYBRIDGE Distributed Control and Stochastic Anagysif Hybrid Systems Supporting
Safety Critical Real-Time Systems Design (EtPamework Programme)

IACA International Air Charter Association

IAF Initial Approach Fix

IAOPA International Council of Aircraft Owner andd Association
IATA International Air Transport Association

ICAO International Civil Aviation Organisation

IFALPA International Federation of Air Line Pilofssociations
IFATCA International Federation of Air Traffic Cawllers Associations
IFR Instrument Flight Rules

INRIA Institut National de Recherche en Informatget en Automatique
IP Intellectual Property

IPR Intellectual property rights

JAA Joint Aviation Authorities

JAR Joint Aviation Requirements

LVNL Luchtverkeersleiding Nederland

MET Meteo

MUAC Maastricht Upper Airspace Control

NATS NATS En Route Ltd.

NEXTGEN Next Generation Air Transportation System

NLR National Aerospace Laboratory NLR
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NSA
NTUA
OHA
OPA
OPS
OSA
OSED
PC
PMP
PoliMi
R&D
RGCSP
RTD
RIT
SA
SAR
SES
SESAR
SITA
SME
SPR
SRC
SWIM
TCAS
TLS
TOPAZ
TWEN
UAS
UAV
UCAM
ULES
UTartu
WP
WPL
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National Safety Authority
National Technical University of Athens
Operational Hazard Assessment

Operational Performance Assessment
Operations

Operational Safety Assessment

Operational Services and Environment Desonipti
Project Co-ordinator

Project Management Plan
Politecnico di Milano
Research and Development

Review of General Concept of Separation Panel
Research, Technology and Development

Radio Telecommunication

Situation Awareness

Search and Rescue

Single European Sky

Single European Sky ATM Research
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Societe Internationale de Telecommunicationiésee/Aeronautiques

Small and medium sized enterprises
Safety and Performance Requirements
Safety Regulation Commission

System Wide Information Management
Traffic Collision Avoidance System
Target Level of Safety

Traffic Organization and Perturbation AnalyZe
University of Twente

Unmanned Aerial System

Unmanned Aerial Vehicle

University of Cambridge

University of Leicester

University of Tartu

Work Package

Work Package Leader
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