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Abstract

In WP1 of the iFLY project, an advanced airbornk separation design has been developed
under the name AConOps (Concept of Operations). The current reperforms a first
safety directed evaluation of this advanced opamati hrough brainstorms with pilots and
controllers potential hazards are identified. Sgbeatly an initial hazard analysis of these
potential hazards is being conducted.
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1 Introduction
1.1 iFly project

Air transport throughout the world, and particyarh Europe, is characterised by major
capacity, efficiency and environmental challeng&¥ith the predicted growth in air traffic,
these challenges must be overcome to improve théorpwnce of the Air Traffic
Management (ATM) system. The iFly project addredbese critical issues by developing a
paradigm step change in advanced ATM concept dpmedat through a systematic
exploitation of state-of-the-art mathematical tegbes including stochastic modelling,
analysis, optimisation and Monte Carlo simulation.

The iFly project will develop a highly automated MTdesign for en-route traffic, which
takes advantage of autonomous aircraft operatipalshties and which is aimed to manage a
three to six times increase in current en-routiéicrievels.

iFly will perform two operational concept designctes and an assessment cycle comprising
human factors, safety, efficiency, capacity andnecaic analyses. The general work
structure is illustrated in Figure 1. During thesfidesign cycle, state of the art Research,
Technology and Development (RTD) aeronautics resuili be used to define a “baseline”
operational concept. For the assessment cyclesecwhd design cycle, innovative methods
for the design of safety critical systems will sed to refine the operational concept with the
goal of managing a three to six times increaseumeat 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 -

Figurel.iFly Work Structure.

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

Design cycle 1
The aim is to develop an Autonomous Aircraft Adveth¢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 startand reference point for this® A
ConOps development is formed by the human respidihsdnalysis in WP2.

Innovative methods
Develop innovative architecture free methods towdmely issues that have to be addressed by
an advanced operational concept:

11 September, 2009 TREN/O7/FP6AE/S07.71574/037180 IFLY Page 7/41



iFly 6" Framework programme Deliverable D7.1b

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

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

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

Assessment cycle

Assess the state-of-the-art in Autonomous Aircraftvanced (&) en-route operations

concept design development with respect to humetiorfs, safety and economy, and identify

which limitations have to be mitigated in orderalmcommodate a three to six times increase

in air traffic demand:

+ Assess the Aoperation on economy, with emphasis on the impacirganisational and
institutional issues (WP6).

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

Design cycle 2
The aim is to refine the AConOps of design cycle 1 and to develop a visiow W3

equipped aircraft can be integrated within SESARcept thinking (WP8). WP9 develops
preliminary safety and performance requirementthemapplicable functional elements of the
A3 ConOps, focused on identifying the required tetdmp

Design Cycle 1

Assesment Cycle

WP1 WPE
3 .
0.3 o 8 operacons
A3 ConOps Cost benefit
TO+20 —»
wpP7 ;
WP2 A3 operations
Safety / T0 + 44— ; .
" capacity / + Safety / Capacity / Efficiency
uman efficiency
responsibilities
TO + 12
TO + 38
WP3 l
Start at
Complexity TO +21
prediction WPS 3
T0+44 A op_eratlons )
3 non-airborne Requirements
WP4 A refinement and mitigations
Start at >
Multi-agent * TO+21
SA consistency WP9
8 A 3 operations
A airborne TO+44 . per
. Air Requirements
requirements
WP5
Conflict -
resolution Design Cycle 2
TO + 44 - Innovative methods

Innovative methods
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1.2 Objective of iFly work package 7

The objective of iFly WP7 is to assess the Autonosnircraft Advanced (3 operations
developed by WP1 (AConcept) and WP2 (Human responsibilities in automas aircraft
operations), through hazard identification and Mo@&arlo simulation on accident risk as a
function of traffic demand, to assess what trafiéenand can safely be accommodated by this
advanced operational concept, and to assess ticerdtly of the flights. The accident risk
levels assessed should be in the form of an exphactkie, a 95% uncertainty area, and a
decomposition of the risk level over the main rgntributing sources. The latter verifies
which of these sources should be mitigated dutieg?t” design cycle. In order to accomplish
this assessment through Monte Carlo simulation,cthraplementary aim of this WP is to
further develop the innovative HYBRIDGE speed uprapches in rare event Monte Carlo
simulation. The work is organised 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

The current D7.1b report makes part of WP7.1.

1.3 WP7.1 Monte Carlo simulation model of A® operation

The development of a Monte Carlo simulation modeidoperation is accomplished through
a sequence of steps. First, a scoping has to Hermped regarding the desired risk and
capacity simulation study. An important aspectlo$ tscoping is to identify the appropriate
safety requirements to be derived from ICAO and RBA regulation. This has been reported
in iFly deliverable D7.1a on ‘Scoping and safetyge' [iFly D7.1a]. Then, a hazard
identification and initial hazard analysis is pemed for the A operation as has been
developed by WP1 and WP2 [iFly D1.3, iFly D2.2],iahis the subject of the current D7.1b
report.

In parallel to the initial hazard analysis, the elepment of a Monte Carlo simulation model
has been started that aims to capture the accitin@and the flight efficiency of the A
operation. Such a simulation model covers the huamghtechnical agents, their interactions
and both the nominal and non-nominal aspects obfieeation. This will be reported in iFly
deliverable D7.1c.

1.4 Purpose and organisation of this report

The current report performs a first safety direces@luation of this advanced operation.
Through brainstorms with pilots and controllersgutal hazards are identified. Subsequently
an initial hazard analysis of these potential hdgas being conducted. This study has a dual
purpose. The first purpose is to gain insight i type of scenarios that should be considered
in the sequel of the safety analysis, i.e. in WPT® second purpose is that the initial hazard
analysis results place the® AConOps into a new perspective regarding safety. dfy
advanced concept design, it is important to becamare of the weakest links in the chain.
This subsequently allows the designers to leamm filnis and subsequently improve theit A
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ConOps design for these weakest links. Hence tpecatation is that WP4, WP8 and WP9
can use the result of this initial hazard analysisrder to further improve the*AConOps.
More specifically, for WP4 this is expected to itdgnwhich specific multi-agent situation
awareness conditions deserve most attention. Fo? YW is expected to be of use in the
derivation of safety requirements. And for WP8 tisiexpected to be of use for the further
refinement of the AConOps, and for the development of a vision hatCAnOps fits best
within SESAR.

This report is organised as follows. Section 2ddtices the Aoperation considered. Section
3 identifies hazards through scenario directed ngtarms with pilots and air traffic
controllers. Section 4 performs an initial hazarlgsis. Section 5 provides concluding
remarks.
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2 Introduction to the A® ConOps

2.1 Background

Technology allows aircraft to broadcast informataiout the own-ship position and velocity
to surrounding aircraft, and to receive similarommhation from surrounding aircraft. This
development has stimulated the rethinking of theral concept for today’s Air Traffic
Management (ATM), and led to the proposal of aineoself separation as a potential solution
towards accommodating significantly higher traffiemands than conventional ground based
air traffic control (RTCA, 1995). With support froadequate decision-support tools, aircraft
crew should be able to assure safe separation wtithee need for receiving tactical
instructions from an air traffic controller, andr draffic controller's workload should no
longer constitute a limiting factor in accommodgttraffic growth.

In [RTCA, 1995] it also has been proposed thatrewcobtain the freedom to select their
trajectory, and the conceptual idea has been cdilsel flight. Airborne self separation
changes ATM in such a fundamental way, that onddcepeak of a paradigm shift: the
centralised control becomes a distributed one,orespilities transfer from ground to air,
fixed air traffic routes are removed and appropriaéw technologies are brought in. Each
individual aircrew has the responsibility to timalgtect and solve conflicts, thereby assisted
by navigation means, surveillance processing andpetent displaying conflict-solving
trajectories. Due to the many aircraft potentialyolved, the system is highly distributed.
Since the initial free flight concept definitionales open many challenges in developing
adequate procedures, systems and regulationss inbavated the study of multiple airborne
self separation operational concepts, implementatimices and requirements, e.g. [Duong &
Hoffman, 1997; NASA, 1999, 2004; Krozel, 2000; Hskel, 2001; FAA/Eurocontrol, 2001;
ICAQO, 2003].

All these concepts make use of an Airborne Sepmaraissistance System (ASAS) onboard
an aircraft. Key differences concern the coordoratassumed between the aircraft, and
whether all aircraft are equipped or not. Both [Bg@& Hoffman, 1997] and [Hoekstra, 2001]
assume all aircraft to be ASAS equipped which sugppilots with some implicit form of
coordination in tactical conflict resolution onlg full ConOps for the latter approach has
been developed to accommodate air traffic over Megliterranean area [Gayraud et al.,
2005], [Maracich, 2005]. [Blom et al., 2009] refets this ConOps as Autonomous
Mediterranean Free Flight (AMFF) and shows thas thMFF ConOps falls short in safely
accommodating high demands of en route traffic. fian reason is that, under high traffic
demand, the AMFF specific form of implicit coordiima tends to create as many conflicts as
it solves. In [NASA, 2004] an airborne self sepamathigh level concept has been proposed
where ASAS conflict resolution is assumed to waskhistrategically and tactically, including
some implicit form of coordination such as priorityles. This concept also allows mixed
airborne equipment in the sense that non-equippechti are assumed to be supported by air
traffic control. The iFly A ConOps developed in [D1.3] has a lot in commorhliie high
level concept of [NASA, 2004] under the hypothdtisguation of 100% well equipped
aircraft. For further details of the>AConOps and AOperational Services and Environmental
Description (OSED) see [iFly D1.3] and [iFly D9.Here we give a high level description of
the A’ intended operation only.
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2.2 A3 operation

Under the A ConOps, a typical airborne self separation flighhy have the following
progression. When an aircraft takes off from ampair it first climbs through a Terminal
Manoeuvring Area (TMA), where the traffic flow igmtrolled by the Air Navigation Service
Provider (ANSP) who is responsible for aircraft asgpion. Already at that moment in time
for each flight there is an agreed and shared tflighjectory plan (so-called Reference
Business Trajectory (RBT)) up to the destinatidavaihg to balance the capacity/demand en-
route and at the destination TMA and airport. Hds fpurpose there is a flow constraint
associated to the flight at the entering fix of testination TMA in the form of a 3D point
with a Constrained Time of Arrival (CTA) restrictio

From the moment that the aircraft leaves the TMAgnters the en route Self Separation
Airspace (SSA), and the responsibility for separaiis shifted from the ANSP to the flight
crew. Once being within SSA, the flight crew candifyp the SSA-part of the RBT without
negotiation with any ANSP, provided that definedténomous Flight Rules (AFR) are
satisfied and that the CTA at the destination TMil\ be achieved. In case there is a need to
modify the current CTA constraint, then the changest be negotiated with the ANSP of the
destination TMA. In SSA the aircraft need not fallany predefined airway structure. When
the aircraft approaches the destination TMA, tlepoasibility for separation is shifted back
from the flight crew to the ANSP and the self-sepian part of the flight is terminated.
According to the A ConOps, within SSA information exchange betweearaft is assured
through datalink. Voice communication will be liedit and mainly for use under emergency
situations. When flying in SSA, each aircraft idigeéd to broadcast information about its
state and intent to the other aircraft. This allogach aircraft to predict the intended
trajectories of all aircraft, and to act such thmhimum separation criteria are not violated.
Coordination of actions by conflicting aircraftdene in line with the AFR, which are binding
to all participants. The AConOps also foresees that aircraft that cannotebehed by
broadcasting receive the missing information thioug System Wide Information
Management (SWIM) network.

In order to ensure separation and onboard trajech@nagement tasks, the flight crew takes
advantage of the onboard equipment, which is mongothe surroundings and helps the
flight crew to detect and resolve conflicts. Theboard equipment supports two lines of
defence in the timely resolution of potential canfl: Medium Term Conflict Resolution
(MTCR) and Short Term Conflict Resolution (STCR).

The time horizon for MTCR starts out some 5 to 2hutes prior to potential loss of
separation (LoS). When a Medium Term Conflict betwéwo aircraft is detected, then the
aircraft having lowest priority has to resolve tt@nflict. The aircraft with higher priority
simply continues to fly its original trajectory. &lpriority of an aircraft evolves during the
flight and is primary determined by the aircraftmoauvrability, mission statement and the
remaining time to CTA. The lower priority aircrafould adapt its RBT in order to solve the
conflict as well as not creating a conflict withyaaf the other aircraft RBT’s. Ideally, all
conflicts should be solved through the Medium TeZonflict Resolution line of defence.
When the MTCR equipment proposes a change in thatint first has to be approved by the
flight crew, then its own RBT is updated and thke aircraft broadcast their new intent to
other aircraft.

When the MTCR line of defence is not able to sdheconflict then the next line of defence
is Short Term Conflict Resolution (STCR). STCR ttaaome 5 minutes ahead of potential
loss of minimum separation (LoS). When such an eigetietected, then no priority exists and
all aircraft involved have to manoeuvre The appheghoeuvres shall be coordinated through
so-called implicit coordination. Implicit coordinah means the use of compatible algorithms
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that generate complementary manoeuvres when usewdlyed conflicting aircraft. In case
this second line of defence does not timely resalv@otential conflicts, then TCAS forms

the third line of defence.
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3 Potential hazard identification

The aim of this section is to identify hazards thatentially lead to (non-nominal) conditions
which affect the effectiveness of the Medium Ternonflict Resolution (MTCR).
First, Subsection 3.1 describes the preparationaohazard identification brainstorm
workshop that was dedicated to thé @onOps. Next, Subsection 3.2 describes the outsome
of this A’ dedicated brainstorm. Subsequently, Subsectione8pains the way we have
identified a set of hazards from an earlier studgst of which also seem to be of interest for
the current study.

3.1 Preparation of the brainstorm participants

On the 38 of May 2008 a Hazard brainstorm meeting has bedhih the Tallinn site of the
University of Tartu [Klompstra, 2008b]. The aim thie brainstorm session was to perform a
potential hazard identification for the*&£onOps [iFly D1.3] through active involvement of
operational experts (three pilots and one airigantroller). Because the*AConOps based
airborne self separation operation differs a lotrfrcurrent practice, these participants first
had to familiarize themselves with the® £onOps and its implications to their way of
working. One of the co-authors of [iFly D1.3] gaeepresentation of the *AConOps.
Subsequently the brainstorm participants had aroplgortunity to ask questions and to
receive further explanations.

Next, the A ConOps was discussed between the operationaltexpeiring this discussion
several views have been expressed, which provida@saght into the challenges pilots and
controllers are facing in building a proper undansing of such an advanced concept in a
short period of time:

* The initial assumption was that pilots would haeeibtrained for one year, they would
know the system and trust the system, but they inhighe a lingering distrust from when
the system was first introduced. One of the pitetaarked that he would distrust the
system anyway, even if the proposed conflict rasmiumanoeuvre would have been
calculated correctly.

« Another pilot adds to this that a similar trustidist issue also exists today. The pilot is
always responsible for the safety of the flightg &nis creates a sensitive balance between
the trust in a controller versus own judgementesgponsibilities. For this reason a pilot
does not like to solely rely on the controller, bather wants to be able to backup
controller decisions with some airborne electrangans. A lack of such means force a
pilot to completely trust the controller’s decisivhile this may be the case the pilot will
always re-assess this decision.

* An historical example is the introduction of ACASGAS is the official ICAO term for
Honeywell's TCAS). At the time, the pilot's commtyivas pleased that TCAS would be
introduced as it enabled them to see what colleageee doing. With that capability
pilots started to act like airborne controllersislimproper use of the system caused a
misconception in the pilot's community. Pilots fedat TCAS would interfere with ATC.
Nowadays TCAS is accepted, but it took 10 yeargetaised to it and use it correctly.

* One pilot remarked that certain ATC commands mdyaiways the best option from a
military pilot point of view. As an illustration h&tated: “l was once in a pretty dense
area, the controller directed me for a holding, éeer | was aware that by complying

11 September, 2009 TREN/O7/FP6AE/S07.71574/037180 IFLY Page 14/41



iFly 6" Framework programme Deliverable D7.1b

with the controllers, | would enter a prohibite@ar’. Because of his Situational
Awareness (SA) the pilot tried to interfere but dat get any chance to either reject the
ATC call or get the message to the controller beeai com saturation on that frequency.
Human interaction was not possible. One pilot comtex “In the A concept we leave
issues like these up to electronic gadgets. Asisicer one of the ATC function to be the
overall mission commander in charge. Who'’s gointake that chair? Similar concern
have also been raised with the introduction of Redwertical Separation Minima
(RVSM)”.

* Ina3D ATC environment there are many ways toesalseparation problem therefore
controllers will always look for the best solutidfiowever, it was remarked that humans
stick to their habits, as a result of which machifs/stems) may be better capable to do
this. For the en-route phase of the flight, onetrcdier remarked that he is more of a
manager, and does not want to control separation.

» A controller has a maximum capacity limit he iseatd cope with. This is reflected for
instance in the fact that controllers can’t haveerthan a certain amount of aircraft (e.qg.
20) in their sector. At the same time, a pilot has a capacity limit and furthermore
he/she may not be able to obtain a global undeaistgrof the situation.

* Inthe current system pilots tend to trust conérsl] as trust ‘is a vital part of the system’.
However this trust may not always exist everywh@reexample of this is the language
problem in Chicago O’Hare, a busy airport, wheedbntrollers speak American (which
is not an official R/T language) and where theneagime to confirm the ATCo
commands. “You must be extremely aware of this wdggeroaching Chicago.” In other
parts of the world there may, besides a languagielgm also be controller capability and
training problems. Crews usually try to “circumrgatie” these situations by for instance
not accepting certain radar vectors. In these enunents there is @nfidence issue.

* A benefit of the current system is that pilots baar how relaxed or stressed a controller
is.

* One of the Pilots commented that “In a cockpit gbmays know what support you need
from ATC.” The ATCo adds to this: “Under emergendy,C does not interfere and
imposes silence to allow the crew to solve theasitim onboard, except for those cases
where assistance is requested. In these cases#Ali&t a means for aircraft to transfer or
provide information.”

« A comparison was made with a telephone switchbdarthe old days there was human
interaction, nowadays there is none. One pilotesged his worries about thé doncept:
“What if | get into a situation where | can’'t speaka controller, there are cases where |
will miss contact with a human.”

« One of the concept designers explained that comeation capabilities will be available
in the form of air to air surveillance and data-coumication. In normal operations there
will always be a possibility for direct pilot-pil@mmunication — through radio (there is
an open frequency for each sector).

* One pilot wondered: “What could be a course ofcercii a plane is highjacked while in
conflict and the crew can’t react to the resoluigiven by the system?* The concept
developers explained that if the high-jacked aftar@uld be able to announce its
situation, priority will go towards the high-jackedcraft and all other aircraft will have
to resolve any conflicts. If the situation is nobkv, conflicts will be solved by other
aircraft when priority drops as result of the Shicetm timeframe in which all aircraft
have to manoeuvre.

« One of the pilots stated that he does not foresgermjor problems with the future*A
environment: “You will get some inputs and you wehct, for which there will be a
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checklist. What matters is that you have beenéxhior that environment, and how much
you have been working with it.”

* The ATCo adds to this, that the question reallyhy we need ATC? Generally speaking
- for separation, information and alerting? ATC sloet fly the aircraft, it is there to
provide service. TCAS has already proved itself farare technologies allow
implementing automated services (e.g. SWIM) se & hatural evolution that the role of
ATC is changing to monitoring, and this makes seffaration a logical development. It
should however be noticed that in tht@onOps intentionally (and hypothetically) there
is no ATC at all to monitor en route air traffic.

3.2 Hazard identification brainstorm sessions

For the potential hazard identification, three Eesshave been conducted:

e Session |: Short initial brainstorm. The scope of this bréans: was cruise level only (i.e.
en-route without any climbing or descending flighases).

* Session |1: During this session a scenario guided brainstoa®s eonducted. The scenario
considered consisted of aircraft having initiajffliplans, which are in the same or
opposite direction (i.e., multiple aircraft fromté B and from B to A, there is no crossing
traffic). Again, the scope of this brainstorm wasise level only.

e Session I11: During this session another scenario guided btarm was conducted. The
two scenarios considered consist of crossing Irfflightplans (i.e. opposite flying aircraft
streams and crossing aircraft streams). Again¢bpesof this brainstorm was cruise level
only.

The brainstorm participants were well informed tthating a brainstorm session it is not
allowed to analyse or to discuss the validity ¢evance of any potential hazard. Even
potential hazards which later on may turn out ndie real hazards may play a crucial role in
the healthy evolution of the brainstorm. And suaelzdrds even may later on turn out to be of
value for the safety analysts in learning to unides the specifics of the*AConOps design
during the true analysis of a potential hazard wiien turns out not to be a true hazard. The
outcomes of these sessions have been documerteldmmpstra, 2008b].

Session | results

» Pilot does not want too much information. If altalés presented, the pilot’s display may
be cluttered. There is a need to de-select carttormation, to make the conflict visible.
Otherwise pilot has no way to the heart of the lbemif a conflict occurs, then an auto
pop-up may be helpful. [Hazard T1]

* Itis company dependent if a flight is operatedalsingle pilot or by a PF and a PNF. In
the latter case there may be SA differences betwWé&eand PNF [Hazard T2]. For the
brainstorm, reference is made to the crew, withaher discussing single pilot or PF
and PNF.

* Inthe ConOps design the implementation issuedeseribed in general, it is not stated
how it is done, nor how it must be implemented. &ample for the alerting system and
that presentation of an alert, it is only specifieal it is necessary, it is not specified
where it should be presented.

* Within NASA, initial alerting data is displayed Ihodbn the Navigation display and on the
ECAM system (Electronic Centralised Aircraft Monitay) of Airbus and the EICAS
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system (Engine Indicating and Crew Alerting Systeirpoeing. Pilot is alerted both
aurally and by means of textual information.

A situation in which proper information is provideathe pilot, but the pilot is unaware of
the fact he/she is required to take action. Pddititing and waiting for information
without action. [Hazard T3]

Developer’s remark regarding pilot feedback onGloaflict Detection & Resolution: The
system takes into account pilots preferences, lamgystem proposes a solution. It is
possible to reject a solution, then the systemicatates other options, and takes the
rejection into account (the number of proposalsisdetermined). Pilot preferences are
also considered.

There may only be vertical and horizontal manoesierailable when optimizing the
flight in the system (not speed manoeuvres). [HhZdl. Pilot questions what to do upon
noticing a conflict that is far away in time. Irathcase it would be helpful to apply this
speed change as intervention strategy. Don’t weathihis away?

Session Il results

A European scenario (i.e. at the edges of the avag)considered, flying from the
Canaries entering southern Spain. In the Canag®sisthere is no radar coverage (lasts
approximately 1 hour), so the airplane would traosifrom procedural airspace to Self
Separating airspace.

AFR rules state that while you can create medium ®@onflicts, you cannot create short-
term conflicts. If boxed in, you are allowed to nfgdhe trajectory beyond the short-term
timeframe.

Area avoidance using the Reference Business Toaiestutilizes the information
received through SWIM — however this informationynb& wrong or incomplete, or there
may be a reason for the pilot to deviate from ttiermation, e.g. to avoid clouds for
passenger comfort. As a result there may be twardaz1) Meteo info received through
SWIM is not always correct [Hazard T5]; and (2)oBImight want to avoid more than
what SWIM indicates [Hazard T6].

Pilot’s quote: “Fighter aircraft in combat trainiimga sector close to mine, might not be
on my CDTI and can generate a problem for me.” gida 7]

Passenger comfort of RTA [Hazard T8]. Explanabgrone of the pilots: If the arrival
time is fixed and inflexible, then each knot changwind may need a change in airspeed,
which may lead to discomfort to the passengers.

Unknown aircraft such as weather-, leasure ballofezard T9]

Aircraft with priority as a result of non-normakciumstances are in the neighbourhood
[Hazard T10]. In relation to this, the following egtion has been raised: Would it be
helpful to know priority levels of surrounding aiadt? The answer provided by th& A
ConOps designers was: Yes each aircraft broadidcagtsority level.

UAV in neighbourhood [Hazard T11]

Non-proper A ConOps equipped aircraft in SSA [Hazard T12]

Global weather change implies changes for mulagleraft [Hazard T13]

Rules of the air (unclear, misunderstood), i.eesulow to deal with conflicts by ASAS
avionics might conflict with the basic rules of ‘Rs of the Air' [Hazard T14]

Highjack or uncontrolled aircraft [Hazard T15]

Pilots sleeping [Hazard T16]

SWIM bandwidth issues and lack of back-up in SW]Nazard T17]
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Awareness confusion because of too much informgt@azard T18]. Example: pilot flies
into mountain while not aware due to too many lay&rinformation in CDTI: weather,
traffic and terrain.

Multiple military aircraft en-route-formation (Stdard- vs. non-standard formation) with
leader squawking only [Hazard T19]

Positioning error (various reasons) [Hazard T20]

The situation in which the system requires addéiaction from the pilot to inform
SWIM of an emergency situation may lead to workleatlration at a moment that the
crew is busy (this is particularly an issue in &ngjlot aircraft, e.g., military, general
aviation, and particularly the new civilian jetsnting on line) [Hazard T21]

Flexibility will be inherent to the system. In casiean emergency, the pilot will alter the
transponder code, radio communication will be oae, data communication will be
available to SWIM. The emergency will be annountedther nearby aircraft. If required
the pilot will have to choose another destinatiopat. At the same time the aircraft will
get the highest priority level and possibly a miedifseparation classification which will
free an area around the aircraft. The pilot can g8edect any trajectory changes in FMS,
Mode Control Panel, or fly manuallidazard T22]

Pilot deviates from the assumed RBT [Hazard T28m@ent from developers: Any
changes to the aircraft trajectory will result ireal-time RBT update (the pilot is
adjusting the RBT ‘as he goes along’)

Session lll results

If the trajectory management box fails there atsterm conflicts. We cannot
communicate BT to everybody. Trajectory managerhentfails [Hazard T24]
Envelope for trajectory management. Envelope of RBl&izard T25]

Airspace may be closed totally (e.g. 9-11). (Nadlpevents of closed airspace [Hazard
26]

Volcanic eruption resulting into closed airspacagwot predicted). Volcanic eruption
[Hazard T27]

Pilot can disconnect FMS and fly himspifazard T28]

Pilot disconnects FMS [Hazard T29]

State vector may not be useable to predict confltdzard T30]. Comment: This exactly
is the reason that the’&£onOps proposes to exchange intents and to usitbonflict
resolution.

If there is a serious electronical problem how ttensystem cope? Lightning strike, fire,
smoke may form a common cause for multiple systgonsg down [Hazard T31]

As a result of inertia the turn vector can be distd — vector goes to conflict, aircraft
does not.

An electronic NOTAM may result in a hazard if itnet shared with SWIM. The latest
electronic NOTAM changes may get delayed into SWHW. special use in airspace)
[Hazard T32]

Structural design limits of the airplane, like speange, buffeting etc. [Hazard T33]
Special use airspace that is not static and whachnot be made available to SWIM (e.g.
location of the Royal family) [Hazard T34]

Performance limitations [Hazard T35]

Aircraft damage, e.g., birdstike damaging wingsvordscreen crack of which the
onboard system is not aware [Hazard T36]

Weight uncertainty [Hazard T37]
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* Performance degradation over time [Hazard T38]

» Coffin’s corner [Hazard T39] being the altitudendtich the margin between buffeting
speed (too high a speed) and stall speed (too lpead) is very small. Aircraft is
therefore very limited in its speed envelope. ‘@Gofforner’ refers to an altitude limit for
safe operation.

* Icing on the wings [Hazard T40]

« Different areas in the world use different unitteyss; for example meter versus feet
[Hazard T41]

» Inability to assess the track of other traffic [lded T42]. Comment: This has a relation to
building confidence in the separation.

e« TCAS and CDTI moves with you. Pilot’s SituationalvAreness is different from
controller's SA as CDTI moves with the pilot. Thatvhy TCAS is not usable for lateral
manoeuvres [Hazard T43].

e TCAS/CDTlI is unstable [Hazard T44]. Comment: Tlisiknown issue, sometimes
leading to jumping behaviour of other aircraft c8AS / CDTI, and its effect on the
fused traffic picture for future applications.

* Quality of position fusion results [Hazard T45]nSacomment as above.

» Quality of weather data [Hazard T46]

* Individual differences in pilots perception and &elour (all) [Hazard T47]; ‘my world
may be different from his world’

e The sequence in which action is taken varies frensqn to person [Hazard T48]

» Airlines cultural differences [Hazard T49]

» Areas to be avoided due to icing [Hazard T50]

» Contingency management remains to be defined [l[daFat]

* Reliability of pitot—static system [Hazard T52]

* Reliability of onboard sensors [Hazard T53]

* The use of anti-icing systems influence performaftdazard T54]

« GPS failure affects present position and groun@a@pehich is used by the autopilot and
the FMS [Hazard T55]

» Failure reports get not through to the airline i@ T56]

» Spatial disorientation [Hazard T57]. Comment: See ACAS Il Safety Bulletin N7 from
Eurocontrot.

« Loss of being ahead of events [Hazard T58]

» Failure reporting is more complex (might requirerenrecording systems in the aircraft)
[Hazard T59]

The potential hazards that have been identifiechduhe three brainstorm sessions have been
collected in Table 1.

Table 1. Potential hazards identified in Tallinn

T1 Too much information on CDTI

T2 Situational awareness differences between crew members

T3 Pilot should take action but is unaware and waiting for information

T4 For Short Term Conflict (STC) only vertical and/or horizontal manoeuvre may be useful.
T5 Weather may deviate from prediction received through SWIM

! See http://www.eurocontrol.int/msa/gallery/contpablic/documents/ACAS_Bulletin_7_Mar-06.pdf
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T6 Pilot perception of weather areas may differ from info received

T7 Indivual fighter aircraft out of a flight may be invisible

T8 Passenger comfort of RTA

T9 Unknown aircraft (e.g. weather-, leasure balloons)

T10 | Aircraft with priority as a result of non-normal circumstances are in the neighbourhood

T11 | UAV in neighbourhood

T12 | Non-proper A’ ConOps equipped aircraft in SSA

T13 | Global weather change, which implies weather changes for multiple aircraft

T14 | Rules of the air (unclear, misunderstood)

T15 | Highjack or uncontrolled aircraft

T16 | Pilots sleeping

T17 | SWIM bandwidth issues and lack of back-up in SWIM

T18 | Awareness confusion because of too much info / (autopop up)

T19 | Multiple military aircraft en-route-formation (Standard- vs. non-standard formation) with
leader squawking only

T20 | Positioning error (various reasons)

T21 | Emergency situations may lead to workload saturation at a moment that the crew is busy

T22 | Pilot can put input into FMS what they like

T23 | Pilot deviates from the assumed RBT

T24 | Trajectory management box fails

T25 | Out of envelope of RBT

T26 | (National) events of closed airspace

T27 | Volcanic eruption

T28 | Pilot can disconnect FMS and fly himself

T29 | Pilot disconnects FMS

T30 | State vector may not be useable to predict conflict

T31 | Common cause for multiple systems going down

T32 | NOTAM changes get delayed into SWIM (Eg special use in airspace)

T33 | Structural design limits of airplane (e.g. speed range, buffeting)

T34 | Special use airspace that moves and which is not allowed to be entered into SWIM (e.qg.
Royal family)

T35 | Performance limitations (e.g. heavier than aircraft system)

T36 | Aircraft in-flight damage

T37 | Weight uncertainty

T38 | Performance degradation over time

T39 | Coffin corner

T40 | Icing

T41 | Meter versus feet

T42 | Inability to assess the track of other traffic

T43 | TCAS not useable for lateral maneuvers

T44 | TCAS/CDTI is unstable

T45 | Quality of position fusion results

T46 | Quality of weather

T47 | Individual differences of pilots

T48 | Sequence of actions varies

T49 | Airlines cultural differences

T50 | Areas to be avoided due to icing

T51 | Contingency management remains to be defined

T52 | Reliability of pitot-static
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T53 | Reliability of sensors

T54 | System requirements of anti-icing systems influence performance

T55 | GPS failure affects present position / ground speed used by autopilot / FMS

T56 | Failure reports get not through in airline

T57 | Spatial disorientation

T58 | Loss of being ahead of events.

T59 | Failure reporting is more complex (might require more recording systems in the aircraft)

3.3 Complementary hazard identification

In some previous studies a few less advanced aielse|f separation concepts have been
assessed on safety using the TOPAZ approach. abrstudy included scenario directed
hazard identification brainstorms with pilots ammhtrollers. The potential hazards identified
during these previous studies are available irht#dzard data base of TOPAZ. Table 2 shows
the relevant airborne self separation project risgor which potential hazards are available
in the TOPAZ data base. From these sources, wetdeemost suitable set for re-use within
this initial hazard analysis study.

Table 2. Potential relevant hazards available within TOPAZ hazard data base

Source Author, Year, Title # of
hazards

[Daams, 2007] Daams, 1997, Free Flight Hazard Identification brainstorm 60
session

[Everdij, 2001] Everdij, 2001, Minutes CARE-ASAS Activity 3 WP3.1 hazard 55
brainstorm

[Klein Obbink, Klein Obbink, 2002, MFF Self Separation Assurance OHA 34

2002]

[MFF, 2004] MFF, 2004, Hazards identified during the Amsterdam February 80
2004 MFF experiments

The first two sources in Table 2 consider airbosal separation concepts in which aircraft
are required to fly prescribed routes. The otheo whocuments consider airborne self
separation concepts without a fixed route structiine third document is directed to potential
hazards related to conflict resolution using tattimanoeuvres. The fourth document in
particular identified strange potential hazardg thave been obtained through brainstorms
with pilots who have first been flying within theLR developed simulated airborne self-
separation environment of MFF. This makes this tfowsource of identified hazards of
complementary interest for the initial hazard ides@tion and analysis in this report. Table 3
lists the 80 strange potential hazards identifighiw MFF project. Some of these potential
hazards may be too MFF specific and therefore pplicable to the A ConOps, or have to
be interpreted in the context of thé BonOps.

Table 3. Potential hazards identified in MFF 2004

M1 | Pilots making own judgement on relevance of conflicts and acting only on conflicts judged
relevant; misjudgement may lead to not reacting to an important alert.

M2 | Pilots making own judgement on relevance of (reported, alerted) failures and acting only on
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failures judged relevant; misjudgement may lead to not reacting to an important alert.

M3 | If situation is judged safe, no further action is taken though ASAS or ACAS still speaks of
conflict.

M4 | Nuisance alerts enhance the effect that pilots make own judgements of conflicts.

M5 | Nuisance alert: An aircraft climbing and an aircraft descending to each other, but levelling off
10 FL before meeting. In case of intent-less ASAS this causes an alert.

M6 | Nuisance alerts may be expected near the transitions between MAS and FFAS, due to the
sizes of the protected areas.

M7 | Nuisance alert: aircraft flying level on FL 370, another aircraft climbing to FL 380 and
levelling of too slowly to prevent conflict.

M8 | ‘Irritating P-ASAS bands’ decrease the confidence in ASAS, and enhance the effect of
nuisance alerts.

M9 | P-ASAS bands and alerts caused by small vertical speeds in turns can be regarded as
‘nuisance’.

M10 | P-ASAS bands and alerts caused by small vertical speeds in turbulence can be regarded as
‘nuisance’.

M11 | ACAS/ASAS inconsistencies decrease confidence in ASAS, enhancing the probability that
pilots overrule ASAS solutions or ACAS advisories.

M12 | ACAS/ASAS inconsistencies: ACAS TAs occurring while no ASAS conflict is detected.

M13 | ACAS/ASAS dependencies may cause that in case of one failure a conflict is not detected by
either of them (depending on final implementation).

M14 | Presented ASAS solution may bring pilot to overrule ACAS advisory (TA/RA) (depending on
final implementation).

M15 | Suppression of ASAS solutions in case of ACAS advisory (TA/RA) may lead to sudden loss
of situational awareness of pilots (depending on final implementation).

M16 | In case of an erroneous but long lasting ACAS advisory (TA/RA), suppression of ASAS
Conflict Detection and Resolution may lead to the situation where both separation assurance
and conflict avoidance are corrupted.

M17 | If ACAS and ASAS are fed by one power bus, a failure could lead to a loss of both

M18 | Decreased confidence in ASAS caused by TCAS alerts ‘out of the blue’ in case of navigation
failures.

M19 | Creative pilots managing to create their own priority. This can lead to situations in which
aircraft follow unexpected routes or go all into one direction.

M20 | Pilots misusing the priority status by choosing crowded parts of airspace, or by bothering a
different aircraft.

M21 | Crew self inflicting a failure (e.g., pulling circuit breaker) to be allowed to switch on the
priority switch.

M22 | In an emergency procedure, switching on the priority switch may be done late or it may be
forgotten, especially in case of serious emergencies such as a rapid de-compression

M23 | In an emergency procedure, aircraft may have to descend quickly and not have time to look
out for other traffic.

M24 | The crew may also switch on the priority switch while it should not, because of mixing up
emergency procedures.

M25 | If the crew thinks to have switched on the priority switch, while they still have not, they
expect other aircraft to solve the conflict, while the other aircraft do not even see the conflict
yet.

M26 | Traffic overtaking from behind, especially when having priority, causing a conflict while they
can still not be seen on the CDTI.

M27 | CDTI set up such that a conflicting aircraft cannot be seen on the CDTI.

M28 | Some aircraft symbols may not be seen well in sunlight, e.g., dark grey symbols.

M29 | A workload that is too low.

M30 | Suddenly having to switch from a very low workload to a high workload may cause ?

M31 | Switching ASAS off (accidentally, or on purpose e.g. to see if it helps to get it working again
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later on).

M32 | Switching ASAS in the wrong mode.

M33 | Typing in a wrong separation distance (mistyping, confusing separation distance for another
airspace).

M34 | Typing in a wrong look-ahead time (mistyping, confusing separation distance for another
airspace).

M35 | Forgetting to switch on ASAS when entering FFAS.

M36 | Switching ASAS in the wrong mode when entering FFAS.

M37 | Switching ASAS on and off to reset the system or to recover from a failure. Crew may be
interrupted by something else and continue with ASAS switched off.

M38 | Fuel problems may be caused by descending into MAS.

M39 | Circumventing poor weather and Special Use Airspaces causes more fuel usage.

M40 | R/T position reports (after e.g. ADS-B transmission failure) can be unclear, be
misunderstood or be imprecise.

M41 | Position reports can be given on the wrong R/T frequency, e.g. ATl instead of the one for the
airspace users.

M42 | Multiple aircraft flying around in FFAS having a failure.

M43 | Crew not being informed about failures of other aircraft when entering FFAS.

M44 | Crews deciding not to leave FFAS when a failure occurs.

M45 | Flight control related errors occur, possibly in combination with transponder problems.
Especially smoke or rapid decompression.

M46 | A crew not realising to have to solve a conflict after an own ADS-B transmitter failure,
because they think to have priority since priority is indicated on the CDTI.

M47 | A crew switching priority after an own ADS-B transmitter failure (mistakenly thinking that this
might help), and then assuming that they can take right of way.

M48 | Lack of a buffer area between FFAS and Special Use Airspace.

M49 | Autopilot turning over (‘over steer’).

M50 | Conflicts popping up when already being in a next phase. For instance, when turning into a
conflict, the conflict may already be very nearby.

M51 | Bands closing in from both sides, such that you cannot turn left nor right.

M52 | Bands closing in from all sides, such that you cannot turn left nor right, and neither climb nor
descend.

M53 | Taking too much time to give a ‘distress’ call, because of unfamiliarity with the emergency
procedure or the system.

M54 | Within a conflict, the aircraft without priority switches on the priority button. By delays (priority
update) or reduced vigilance, conflict resolution is not taken care of.

M55 | Crews always giving way and solving and preventing conflicts may cause the aircraft to use
much fuel.

M56 | Crews always giving way and solving and preventing conflicts may cause an unstable traffic
pattern.

M57 | Crews turning through an amber band.

M58 | The pilot forgets to tell the controller of MAS about a failure when leaving FFAS.

M59 | The pilot forgets to tell the controller of FFAS about a failure when entering FFAS.

M60 | Ambiguously written emergency procedures, leading to incorrect or late crew actions.

M61 | Difficult emergency procedures, leading to incorrect or late crew actions.

M62 | Pilots having a poor awareness of free flight logic (various examples; none particularly
relevant).

M63 | A navigation map shift.

M64 | Priority determination based on FLOS leads to ambiguities at North and South Pole.

M65 | The relevance of an emergency message is missed as callsigns are not indicated on CDTI,
and the actually nearby aircraft is assumed to be far away.

M66 | Cluttered display by inappropriate range setting.
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M67 | Two or more aircraft with priority switched on in same airspace.
M68 | Disagreement between crew members on how to solve conflict.

M69 | Misinterpreting or disregarding ASAS horizontal conflict solution manoeuvre by heading/track
confusion.

M70 | Pilots distrust ASAS information, wonder whether ASAS works fine, and, in order to check it,
make some manoeuvres with the purpose to generate a potential conflict.

M71 | ANP value is calculated conservatively. Common cause for all aircraft.
M72 | Failure to engage NAV after flying heading

M73 | GPS jamming by radio pirates

M74 | Interference of ADS-B by radio pirates

M75 | Interference of ADS-B is getting worse

M76 | No crew

M77 | Routing across military airspace

M78 | TCAS interference by radio pirates

M79 | Volume of alerts is turned down on headset/speakers

M80 | Volume of R/T is turned down on headset/speakers
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4 Initial Hazard Analysis

In comparison to earlier hazard analysis studieaiftborne self separation operations, this is
the first one that considers a concept in whicanhtnformation of aircraft is explicitly
exchanged in order to allow each aircraft to plad laroadcast conflict free trajectories. For
this reason, the initial hazard analysis in thgoréintentionally focuses on potential hazards
that may occur during the planning and exchangeteht information. Our analysis is done
through conducting a sequence of steps. The feptis to identify for each of the 59 Tallinn
hazards and 80 MFF hazards (139 in total) whigbnintelated (non-nominal) conditions are
relevant (Subsection 4.1). The second step isawtily which combinations of non-nominal
intent related conditions have been identified &akion 4.2). The third step is to evaluate
the A’ ConOps consequences for the various combinatibfron-nominal) intent related
conditions, and how often these conditions and egusnces are expected to happen
(Subsection 4.3).

4.1 Intent related (non-nominal) conditions

First, a number of relevant (non-nominal) intenéted conditions relative to an ownship
aircraft perspective have been defined in Tableldv. Subsequently, each individual hazard
in Tables 1 and 3 is evaluated in order to identifiych (combinations) of these non-nominal
conditions apply. For the Tallinn identified potehhazards this is done in Table 5a, and for
the MFF identified potential hazards this is dam&@able 5b.

Table 4. Intent related (non-nominal) conditions relative to an ownship perspective

A. Broadcasted intent of ownship aircraft
e AO: Everything is nominal
« Al:Intent not conflict free with other aircraft
« A2:Intent not viable (not flyable or unsafe)
« A3: Autopilot setpoint only
e A4: Not broadcasted /received

B. Received intent from other aircraft
e BO: Everything is nominal
* B1: Intent not conflict free for one
e B1': Intent not conflict free for multiple
e B2: Intent not viable for one
e B2': Intent not viable for multiple
e B3: Autopilot setpoint only for one
« B3’ Autopilot setpoint only for multiple
* B4: Not received for one
* B4': Not received for multiple

E. Broadcasted emergency of ownship aircraft
¢ EO: No emergency
« E1: Emergency broadcasted
e EZ2: Fake emergency broadcasted
e E3: Emergency not broadcasted
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F. Received emergency from other aircraft
¢« FO: No emergency
e F1: Emergency from another aircraft received
* F2: Fake emergency from another aircraft received
« F3: Emergency from another aircraft not received

P. Situation Awareness (SA) of pilot(s) of the ownship aircraft:
e PO: SAisfine
* P1: SA differs for their own aircraft
» P2: SA differs for one other aircraft
» P3: SA differs for own and one other aircraft
e P4: SA differs for multiple other aircraft
e P5: SA differs for own and multiple other aircraft

Q. SA of pilot(s) of multiple (directly or indirectly) involved aircraft
e QO: SAisfine
¢ Q1: SA differs for their own aircraft
e Q2: SA differs for one other aircraft
¢ Q3: SA differs for own and one other aircraft
e Q4: SA differs for multiple other aircraft
e Q5: SA which differs for own and multiple other aircraft

R. SA of pilot(s) of one (of the) directly involved aircraft
e RO0: SAis fine
e R1: SA differs for their aircraft
e R2: SA differs for one other aircraft
« R3: SA differs for their and one other aircraft
« R4 SA differs for multiple other aircraft
« Rb5: SA differs for their and multiple other aircraft

In order to understand Tables 5a and 5b, we fiskaén in words how these tables should be
read. For this we consider the classificationsTalfinn identified hazards 7 and 10 in Table
5a.

Tallinn identified hazard number 7 reads: “Indivédifighter aircraft out of a flight may be
invisible”. This is judged to lead to the followirmgmbination of non-nominal conditions:
(B4~ P2, Q2), which is short for each of the following sulditions to apply:
* B4: Intent is not received from one other aircraft;
* P2: Pilot(s) of the ownship aircraft have an SAethdiffers for this other aircraft;
* Q2: Pilot(s) of multiple other aircraft also have $A which differs for this other
aircraft.

Tallinn identified hazard number 10 reads “Aircrafith priority as a result of non-normal
circumstances are in the neighbourhood”. Thisdga to lead to the following two possible
combinations of non-nominal conditions: (ER2) or (F1. P2).
Here, (E1ln R2) is short for each of the following sub-condisao apply:

« E1: Emergency is broadcasted by Ownship

* R2: Pilot(s) of another aircraft are not awarehis t
And (F1n P2) is short for each of the following sub-condigdo apply:

* F1: Emergency from another a/c is received by ownsh

* P2: Ownship pilot(s) are not aware of this.
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Table 5a. Intent related (non-nominal) conditions for the hazards identified in Tallinn

T1. P40 Q4,P5nQ5, P5 R5n Q5 R5

T2. P1, R1
T3. (AlnQ2), (B1nP2nQ2)
T4. Is an A3 ConOps assumption

T5. (A2nP1nQ2), (B2nP2nQ2nR1)

T6.  (A2n B2 nP5n Q5)

T7.  (B4nP2nQ2)

T8. n.a. (Not safety related)

T9. (B4nP2nQ2)

T10. (E1nR2), (F1nP2)

T11. (B4~P2nQ2) (A3 ConOps intentionally not yet designed for UAV'S)

T12. (B4nP2nQ2)

T13. (A2nB2 nP5n Q5)

T14. (AlnP3nQ2), (B1nP2nQ2nR3)

T15. (B4nP2nQ2), (A2 Q2), (B2nP2n Q2)

T16. (AlnP1nQ2), (B1nP2nQ2nR1)

T17. (B4 nP4n Q4)

T18. P1,P4,R1, R4

T19. (B4 nP4nQ4)

T20. (AlnP1nQ2), (A2nP1nQ2), (B2nP2nR1nQ2), (B1nP2nR1n Q2)

T21. n.a.

T22. (A1nQ2),(B1nP2nQ2)

T23. (Al1nQ2), (B1nP2n Q2)

T24. (A1nP1nQ2), (A4nQ2), (A2nP1nQ2), (B4nP2nQ2), (B1nP2nR1nQ2),
(B2nP2nR1nQ2)

T25. (A2nP1nP2),(B2nP2nR1nQ2)

T26. (A2nP1nP2), (B2n P2nR1nQ2), (A2n B2’ n P5n Q5)

T27. (A2nP1nP2),(B2nP2nR1nQ2),(A2n B2 nP5n Q5)

T28. A3, A4, B3, B4

T29. A3, A4, B3, B4

T30. A4,B4

T31. (A1nP1nQ2),(A2nP1nQ2),(A4nP1nQ2),(B1nP2nQ2nR1),
(B2nP2nQ2nR1), (B4nP2nQ2nR1),

T32. (A2n B2 nP5n Q5)

T33. (A2nP1nQ2), (B2n P20 Q2n R1)

T34. (A2nB2 nP50nQ5)

T35. (A2nP1nQ2), (B2n P20 Q2n R1)

T36. (E1nA2nP1nQ2),(F1nB2nP2nQ2nR1),(E3nA2nP1lnQ2),
(F3nB2nP2nQ2nR1)

T37. (A2nP1nQ2),(B2nP2nQ2nR1)

T38. (A2nP1nQ2),(B2nP2nQ2nR1)

T39. (A2nP1nQ2),(B2n P20 Q2nR1)

T40. (A2nP1nQ2),(B2nP2nQ2nR1)

T41l. (A2nP1nQ2),(B2nP2nQ2nR1)

T42. (A2nP1nQ2), (B2n P20 Q2n R1)

T43. n.a.
T44. n.a.
T45. P4, R4
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T46.

(A2 nB2'n P5n Q5)

T47.

Culture/Training/Experience/Individual

T48.

Culture/Training/Experience/Individual

T49.

Culture/Training/Experience/Individual

T50.

(A2 nB2'n P5n Q5)

T51.

n.a. (is a potential mitigating measure)

T52.

(A2nP1nQ2),(B2nP2n Q2n R1)

T53.

(A2nP1nQ2),(B2nP2nQ2nR1)

T54.

(A2 0 P1n Q2), (B2n P2 Q2 n R1)

T55.

(A2nP1nQ2),(B2nP2nQ2nR1)

T56.

Out of scope (failure reporting issue)

T57.

P1,R1

T58.

P1, P2, P3, P4, P5, R1, R2, R3, R4, R5

T59.

Out of scope (failure reporting issue)

Table 5b. Intent related (non-nominal) conditions for the MFF2004 potential hazards

M1. (A2nP1nQ2),(B2nP2nQ2nR1),(A1nP1nQ2),(B1nP2nQ2nR1)

M2. (A1 nP1), (B1nR1)

M3. (A1 nP1), (B1nR1)

M4, (A2nP1nQ2),(B2nP2nQ2nR1),(A1nP1nQ2),(B1nP2nQ2nR1),P1 R1

M5. n.a.

M6. Out of scope

M7. (A2nP1nQ2),(B2nP2nQ2nR1)

M8. (A2nP1nQ2),(B2nP2nQ2nR1), (A1nP1n Q2), (B1nP2nQ2n R1) (evaluated
as boxiing-in example)

M9. n.a.

M10. n.a.

M11l. n.a. (ASAS-ACAS; Not intent related)

M12. n.a. (ASAS-ACAS; Not intent related)

M13. n.a. (ASAS-ACAS; Not intent related)

M14. n.a. (ASAS-ACAS; Not intent related)

M15. n.a. (ASAS-ACAS; Not intent related)

M16. n.a. (ASAS-ACAS; Not intent related)

M17. n.a. (ASAS-ACAS; Not intent related)

M18. n.a. (ASAS-ACAS; Not intent related)

M19. (AlnP1nQ2),(B1nP2nQ2nR1)

M20. (AlnP1nQ2),(B1nP2nQ2nR1)

M21. (E2n Q2),(F2nP2n Q2)

M22. (E3nP1ln Q2), (F3nP2nQ2nR1)

M23. (E1nP4), (F1n R4)

M24. (E2nP1ln Q2), (F2nP2n Q2n R1)

M25. (E3nP1nQ2),(F3nP2nQ2nR1)

M26. n.a.

M27. n.a.

M28. P2,R2

M29. n.a. (Bit slower start-up)

M30. P5,R5

M31. P4, R4 (switching ASAS off; intentionally and unintentionally)

M32. (AlnP1nQ2),(B1nP2nQ2nR1)
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M33. (AlnP1nQ2),(B1nP2nQ2nR1)
M34. n.a.
M35. P5,R5
M36. (AlnP1nQ2),(B1nP2nQ2nR1)
M37. P5,R5
M38. E1, F1 (induces fuel problems)
M39. n.a. (Not ASAS related)
M40. n.a.
M4l. n.a
M42. (E1nF1)
M43. Q2,(P2nQ2)
M44. Q2, (P2n Q2)
M45. (E3nP1nQ2), (F3nP2nQ2n R1)
M46. (E3nP1nQ2), (F3nP2nQ2nR1)
M47. (E2nP1nQ2),(F2nP2nQ2nR1)
M48. n.a. (Out of scope)
M49. (A2nP1nQ2),(B2nP2nQ2nR1)
M50. (B4nP2nQ2), (B4 nP4nQ4), (BLnP2nQ2)
M51. (A1nQ2), (B1nP2nQ2)
M52. (A1nQ2),(B1nP2nQ2)
M53.  Delay by pilots
M54. (E1nAlnQ2),(F1nB1nP2nQ2)
M55. (A2nP1nQ2),(B2nP2nQ2nR1)
M56. P4, R4
M57. (Aln Q2), (B1n P2n Q2) (intentionally assumed)
M58. n.a. (Out of scope)
M59. n.a.
M60. (E3nP1nQ2),(F3nP2nQ2nR1)
M61. (E3nP1nQ2),(F3nP2nQ2nR1)
M62. (A1lnP1nQ2),(B1nP2nQ2nR1)
M63. n.a. (Not ASAS specific)
M64. Out of scope
M65. (E1nR2), (F1nP2)
M66. P4,R4
M67. (E1nF1)
M68. P1,R1
M69. Not intent related
M70. P1,R1
M71. (AlnP1nQ2),(B1nP2nQ2nR1)
M72. A4, B4
M73. (A1lnP1nQ2),(B1nP2nQ2nR1),(A2nP1nQ2),(B2nP2nQ2nR1)
M74. (A4nQ2), (B4nP2nQ2)
M75. (A4nB4' n P4nQ4)
M76. P5,R5
M77. n.a. (Out of scope of this safety analysis (military airspace is restricted airspace))
M78. TCAS related
M79. (AlnP1nQ2),(A2nP1nQ2),(B1nP2nQ2nR1),(B2nP2nQ2nR1)
M80. n.a.
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4.2 Clustering and ranking of intent related (non-nominal) conditions

The next step is to cluster individual hazards ffbebles 1 and 3 on the basis of intent related
(non-nominal) conditions in Tables 5a and 5b. Td&a#eshows, in ranking order, how often
each of these (combinations of) intent related {nominal) conditions apply. The individual
hazard numbers are also shows per intent relatedrfominal) condition. Table 6b shows the
same ranking of intent related (non-nominal) caodg, but now with a short description of
this condition.

Four intent related (non-nominal) conditions (nunskie-4) have been identified more then 15
times. These four conditions cover situations thatintent of ownship or of another aircraft
Is either not viable or not conflict free, wher@ase of the crews are aware of this.

Subsequently there are twelve intent related (rmminal) conditions (numbers 5-16) that are
more complicated, and each of which has been iikshibetween 5 and 10 times. Number 5
concerns the situation that one of the aircraftsdogt send its new intent, whereas the other
aircraft are not aware of this. Number 6 concehesdituation that own intent and intents of
multiple other aircraft are not viable. Numbersnd 8 concern fake emergency broadcastings
that have intentionally been created by ownshigvaeby one of the other crews. Numbers 9
and 10 concern (non-nominal) situations that thergency of own or another aircraft is not
broadcasted and/or not received. Next, there aréengnt related (non-nominal) conditions
(numbers 11-16) where the intent related (non-nafoondition concerns the SA of one or
more crews only. Hence these are (non-nominal) iiond under which everything is
working well, but one or more crews have anothearomcomplete intent SA. The problem is
that under such a condition a crew may have prableErunderstand why airborne support
systems are proposing to implement particular tegols. And as long as the crew does not
become aware of own SA mismatch, then it is diffiéar the crew to accept a proposed
resolution as long as it looks unacceptable tathe.

Then there are 18 (non-nominal) conditions eactvtuth has been identified between two

and four times. These vary from one aircraft segdirfake emergency (#17 and #18), to an
intent exchange which does not work well (#19), &m@ condition that both ownship and

another aircraft having an emergency (# 24).

Finally there is a sequence of 23 (non-nominal)d@mns each of which has been identified
only once. Because several of these may be qshkg ifi they happen, the mere fact that they
have been identified only once in hazard brainssodoes not mean that their risk may be
negligible.
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Table 6a. Ranking of (combinations of) intent related (non-nominal) conditions

Rank Class

Hazard #

1.

(B2nP2nQ2nR1)

T5,T20,T24,7T25,T26,T27, T31,T33,T36,T37,T738,T739,T40,T41,T42,
T52,T53,T54,T55,M1,M4,M7,M8,M49,M55 M73,M79

2. (A2nP1nQ2) T5,720,T24,T25,T26,T27,T31,T33,736,T37,T38,T39,T40,T41,T42,
T52,T53,T54,T55,M1,M4,M7,M8,M49,M55 M73,M79

3. (A1nP1nQ2) T16,T20,T24,T31,M1,M4,M8,M19,M20,M32,M33,M36,M62,
M71,M73,M79

4. (B1nP2nQ2nR1) T16,T20,T24,T31,M1,M4,M8,M19,M20,M32,M33,M36,M62,
M71,M73,M79

5. (B4nP2nQ2) T7,79,T11,T12,T15,T24,M50,M74

6. (A2n B2 nP5n Q5) T6,T13,T26,T27,T32,T34,T46,T50

7. (B1nP2nQ2) T3,722,T23,M50,M51,M52,M57

8. (AlnQ2) T3,722,T23,M51,M52,M57

9. (F3nP2nQ2nR1) M22,M25,M45,M46,M60,M61

10. (E3n P1n Q2) M22,M25,M45,M46,M60,M61

11. P1 T2,718,T57,T58,M68,M70

12. R1 T2,718,T57,T58,M68,M70

13. P4 T18,T45,M31,M56,M66

14. R4 T18,T45,T58,M31,M56,M66

15. P5 T1,758,M30,M35,M37,M76

16. R5 T1,758,M30,M35,M37,M76

17. A4 T28,T29,T30,M72

18. B4 T28,T29,T30,M72

19. (B4’ n P4 n Q4) T17,T19,M50

20. (F2n P2 Q2 n R1) M24,M47

21. (E2n P1n Q2) M24,M47

22. (Adn Q2) T24,M74

23. (E1n R2) T10,M65

24. (E1n F1) M42,M67

25. (F1n P2) T10,M65

26. (P4 n Q4) T1,758

27. (Aln P1) M2,M3

28. (B1n R1) M2,M3

29. P2 T58,M28

30. R2 T58,M28

31. Q2 M43,M44

32. (P2 Q2) M43,M44

33. A3 T28,T29

34. B3 T28,T29

35. (F1nB2n P20 Q2nR1) T36

36. (F3nB2n P20 Q2nR1) T36

37. (E1nA2n P1n Q2) T36

38. (E3nA2n P1n Q2) T36

39. (F1n B1n P2 Q2) M54

40. (B1n P21 Q2nR3) T14

41. (B4n P21 Q2nR1) T31

42. (A4 B4’ n P4 Q4) M75
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43. (E1n A1n Q2) M54
44, (A1 n P31 Q2) T14
45. (B2n P21 Q2) T15
46. (A4 P1n Q2) T31
47. (F2n P20 Q2) M21
48. (E1n P4) M23
49. (F1n R4) M23
50. (P5n Q5) Tl

51. (A2n Q2) T15
52. (E2n Q2) M21
53. E1 M38
54. F1 M38
55. Q5 Tl

56. P3 T58
57. R3 T58

Table 6b. Short description of ranked intent related (non-nominal) conditions

Rank Class Short description

1. (B2nP2nQ2nR1) Another a/c intent is not viable and nobody is aware

2. (A2nP1nQ2) Own a/c intent is not viable and nobody is aware

3. (A1nP1nQ2) Own a/c intent is not conflict free over MTCH and nobody is aware
4. (B1nP2nQ2nR1) Another a/c intent is not conflict free; nobody is aware

5. (B4nP2nQ2) Another a/c does not send intent and nobody is aware

6. (A2 nB2'n P5n Q5) Own and multiple a/c have non-viable intents and nobody is aware
7. (B1nP2nQ2) Another a/c intent intentionally not conflict free; others are not aware
8. (AlnQ2) Own a/c intent intentionally is not conflict free; others are not aware
9. (F3nP2nQ2nR1) Emergency of another a/c not received

10. (E3nP1nQ2) Emergency of own aircraft not broadcasted/not received by other a/c
11. P1 Own crew lost SA of own a/c

12. R1 Another crew lost SA of their a/c

13. P4 Own crew lost SA of multiple other a/c

14. R4 Another crew lost SA of multiple a/c

15. P5 Own pilot SA differs from own and multiple other a/c

16. R5 Another crew lost SA of own and multiple other a/c

17. A4 Intent of ownship aircraft not broadcasted

18. B4 Intent of one other aircraft not received

19. (B4 nP4nQ4) New intents of multiple a/c not received and crew does not know

20. (F2nP2nQ2nR1) Another a/c sends fake emergency

21. (E2nP1nQ2) Own aircraft sends fake emergency

22. (A4nQ2) Own a/c intent is not broadcasted; thus not known to other a/c

23. (E1nR2) Ownship emergency switched on during conflict

24. (E1nF1) Both own and another a/c have emergency

25. (F1nP2) Another a/c emergency switched on during conflict

26. (P4nQ4) Own and multiple other a/c lost SA of multiple other a/c intents

27. (AlnP1) Own intent is not conflict free but own crew believes otherwise

28. (B1nR1) Another aircraft intent is not conflict free but crew believes otherwise
29. P2 Own crew has SA difference for another a/c
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30. R2 Ownship state/intent is not properly perceived by encountering crew.

31. Q2 Multiple other crews have an SA which differs for their aircraft

32. (P2nQ2) Ownship and multiple other crews have an SA which differs for one
other aircraft

33. A3 Own a/c autopilot set-point is broadcasted

34. B3 Autopilot set-point of one other aircraft received

35. (F1nB2nP2nQ2nR1) Another a/c (partial) loss of control but emergency not received

36. (F3nB2nP2nQ2n R1) Another a/c (partial) loss of control and emergency received

37. (E1nA2nP1nQ2) (Partial) Loss of control and ownship emergency broadcasted

38. (E3nA2nP1nQ2) (Partial) Loss of control and ownship emergency not broadcasted

39. (F1nBlnP2nQ2) Another a/c sends fake emergency and its intent is not conflict free

40. (B1nP2nQ2nR3) One other crew wrongly applies rules of the air

41. (B4nP2nQ2nR1) One other aircraft intent not received and nobody aware

42. (AAn B4 nP4nQ4) Intent exchange does not work well and nobody is aware

43. (E1nAlnQ2) Own a/c sends fake emergency and its intent is not conflict free

44. (A1nP3nQ2) Ownship crew wrongly applies rules of the air

45. (B2nP2nQ2) One other aircraft intent not viable and other aircraft crew are not
aware

46. (AAnP1lnQ2) Ownship intent not broadcasted/received and nobody aware

47. (F2nP2nQ2) Fake emergency broadcasted by one other aircraft and receiving
aircraft are not aware

48. (E1n P4) Own a/c in emergency and own crew ignores all traffic

49. (F1nR4) Another a/c in emergency and its crew does not look at traffic.

50. (P5n Q5) Ownship and multiple other crews have an SA which differs for own
and multiple other aircraft

51. (A2~ Q2) Ownship intent not viable and other aircraft crew are not aware

52. (E2nQ2) Ownship fake emergency broadcasted and receiving aircraft are not
aware

53. E1l1 Own a/c emergency

54. F1 Another a/c emergency

55. Q5 Multiple crews have an SA which differs for own and multiple other
aircraft

56. P3 Ownship crew has an SA which differs for own and one other aircraft

57. R3 Another crew has an SA which differs for their and one other aircraft
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4.3 Initial assessment of consequences and frequency

For each of the intent related non-nominal condgion Table 6, we develop an initial
assessment of the consequences from the perspettine A ConOps. In doing so, we
consider the following three types of intent retat®n-nominal conditions:

l.  According to the A ConOps design the non-nominal condition is typjchhndled
within the Medium Term timeframe, by means of tiynatlaptation and broadcasting
of properly adjusted intent. This applies to nomantal conditions 1, 2, 6, 33, 34, 41,
45, 46, 51 53 and 54 and this covers 37 potent@aitds. Of course there are
exceptions in which it is not possible to adjust thtent within the Medium Term
timeframe. In those cases the Flight Plan Confooaavionitoring (FPCM) of other
aircraft will identify a mismatch between receivedent and the trajectory flown.
According to the A ConOps in [D1.3], the applicable intent of theceft concerned
will then be discarded by the onboard ASAS systém.a result the conflict
resolution will be handled by the STCR system. hked for STCR resolutions for
conditions #1, 2, 6, 33, 34, 41, 45, 46, 51, 53 &dAdare considered to form an
exception on the rule. Based on a rough estim&enthy happen in 10% of the cases
where one of these non-nominal conditions apply.

II. These are those conditions for which the first lofedefence, i.e. Medium Term
Conflict Resolution can no longer solve the prohlékncording to the A ConOps
desing the handling of the non-nominal conditionn®~y up to the Short Term
Conflict Resolution line of defence. This concenasm-nominal conditions 3, 4, 5, 7,
8, 17, 18, 19, 22, 27, 28, 35, 36, 37, 38, 40,42,49 and covers 41 potential
hazards.

[ll. These are non-nominal conditions in which evergriaems to be working well, but
one or more crews have different or incompletenhf&A. The problem is that under
such a condition a crew may not understand whyosaid support systems are
proposing to implement particular resolutions whach not consistent with their own
SA. In those cases the crew may cast doubt abeyprtiper working of the support
systems rather than having the possibility to idgrm@t shortcoming in their own SA.
And as long as the crew remains suspicious abeuptbposed resolutions, valuable
time may pass while no action is taken to solve gheblem. This concerns non-
nominal conditions 9-16, 20, 21, 23-26, 29, 30,34,,39, 43, 47, 48, 50, 52, 55, 56,
57 and covers 32 potential hazards.

For each of these three types of consequencesgh roitial estimation of the frequency of
their occurrence was performed. This initially estied value is aimed to represent an order
of magnitude only. Per type of consequences thguéecy of occurrence has first been
estimated for each non-nominal condition, and sylsetly these estimated values have been
accumulated to get an estimated frequency perdipensequences.

Type |: There are six (non-nominal) conditions. &h®n two independent educated guesses

(including a subsequent discussion and resolutibrthe differences), each condition is
estimated to happen less than:
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1. Once per 100 flights

2. Once per 100 flights

6. Once per 100 flights

33. Once per 1000 flights
34. Once per 1000 flights
41. Once per 1000 flights
45. Once per 1000 flights
46. Once per 1000 flights
51. Once per 1000 flights
53. Once per 1000 flights
54. Once per 1000 flights

Intent related non-nominal conditions 1, 2 andéraughly estimated to happen once per 100
flights or less. Six other conditions are roughtyimated to happen once per 1000 flights or
less, and two conditions are estimated to happer par 10,000 flights or less. In total this
comes down to an estimated maximum frequency & 8r6less type | intent related non-
nominal conditions per 100 flights. If we assumat tbne out of ten fails to be resolved by the
first line of defence (MTCR) then the estimated maxn frequency of 0.36 type | intent
related non-nominal conditions lead to a conflietthas to be resolved by STCR.

Type Il: Based on educated guesses, this is expezteappen less than
3. Once per 100 flights

4. Once per 100 flights

5. Once per 1000 flights
7 Once per 100 flights

8. Once per 100 flights
17. Once per 100 flights
18. Once per 100 flights
19. Once per 100 flights
22. Once per 1000 flights
27. Once per 1000 flights
28. Once per 1000 flights
35. Once per 1000 flights
36. Once per 1000 flights
37. Once per 1000 flights
38. Once per 1000 flights
40. Once per 10000 flights
42. Once per 100 flights
44. Once per 10000 flights
49. Once per 1000 flights

For six intent related non-nominal conditions (3,748, 17, 18, 19 and 42) each is roughly
estimated to happen once per 100 flights or less.nihe other conditions, each is roughly
estimated to happen once per 1000 flights or [€a& conditions happen once per 10000
flights or less. In total this comes down to arnineated maximum frequency of 8.2 type I

intent related non-nominal conditions per 100 figgh

Type lll: Based on educated guesses, this is eggeothappen less than
9. Once per 10000 flights
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10. Once per 10000 flights
11. Once per 100 flights
12. Once per 100 flights
13. Once per 100 flights
14. Once per 100 flights
15. Once per 100 flights
16. Once per 100 flights
20. Once per 1000 flights
21. Once per 1000 flights
23. Once per 10000 flights
24. Once per 10000 flights
25. Once per 10000 flights
26 Once per 100 flights
29. Once per 100 flights
30. Once per 100 flights
31. Once per 10000 flights
32. Once per 10000 flights
39. Once per 1000 flights
43. Once per 1000 flights
47. Once per 10000 flights
48. Once per 10000 flights
50. Once per 100 flights
52. Once per 10000 flights
55. Once per 100 flights
56. Once per 1000 flights
57. Once per 1000 flights

For eleven intent related non-nominal conditions-{8, 26, 29, 30, 50, 55) each is roughly
estimated to happen once per 100 flights or less.sk conditions (20, 21, 39, 43, 56, 57)
each is estimated to happen less than once infliQdts. For the ten other conditions, each is
roughly estimated to happen once per 10,000 flightess. In total this comes down to an
estimated maximum frequency of 11.7 type Il intezlated non-nominal conditions per 100
flights.

In order to get a better view on Type Il condispthe question was asked ‘what the crew is

expected to do for type Il non-nominal conditionBased on the AConOps this is expected

to work as follows:

9: Conflict resolution depends on the second lingedence, which is STCR.

10: As long as crew does not become aware, STCRI&hesolve the conflict. When
crew becomes aware; then emergency is announcaethiR/T.

11-14: Crew will regain SA by probing individualetaft.

15-16: Crew will follow procedures, i.e. throughcapting conflict free trajectory changes
only.

20: Own aircraft is given priority. If crew becomsesaspicious, then it makes note and
reports.

21: Own aircraft gets priority from encounteringceaft. If encountering crew gets
suspicious then they make note and report.

23: Other crew will solve conflict using STCR.

24: Conflict will be solved using MTCR, and subsextly by STCR in case MTCR s too
late.

11 September, 2009 TREN/O7/FP6AE/S07.71574/037180 IFLY Page 36/41



iFly 6" Framework programme Deliverable D7.1b

25: Most likely the crew will identify this in timend then correct. If not, then STCR will
form the second line of defence.

26: Crew will first regain SA of traffic by probinigpdividual aircraft. As a consequence,
the crew response to resolution proposed by sumystem takes more time, and the
chance of error may increase.

29: Other aircraft crew should resolve confliclngsSTCR.

30: Own crew should solve conflict using STCR.

31: Effect is that other aircraft most likely wdlbb more than normal in the medium and
short term conflict resolution.

32: Effect is that other aircraft most likely wdlbb more than normal in the medium and
short term conflict resolution.

39: Crew will resolve conflict, and subsequentlykenaote to report.

43: Other aircraft crew will resolve conflicts. Mdsely they will also report.

47: Crew should give priority to emergency aircraedhd resolve any conflict.
Subsequently make note to report.

48: Crew will follow procedures, which means thaother aircraft should solve the
conflict using STCR.

50: Own and/or other aircraft should de-clutter @2TI to regain required SA. De-clutter
options should be made available

52: Emergency aircraft will get priority. Other @iaft will resolve any conflict, and make
note to report.

55: Own and/or other aircraft should de-clutter @2TI to regain required SA. De-clutter
options should be made available

56: Crew should follow procedures

57: Crew should follow procedures

From the above, it appears that seven type Illlmaminal conditions (9, 10, 23, 24, 29, 30,
47, 48 and 52) should be resolved by means of shnt conflict resolution. With regard to
the other 17 cases, it is estimated that in 10%ese cases MTCR will be too late to solve
the conflict. This means that for type Il non-nowi conditions 3.02 times per 100 flights
conflict resolution will fall upon the STCR module.

If we accumulate the roughly estimated frequentme3ype |, Type Il and Type Il intent
related non-nominal conditions that should be rebby STCR, then this leads to the
conclusion that less than once per ten flights.86 6 8.2 + 3.02 = 11.58 per 100 flights), the
MTCR will not be able to resolve the conflict are$olution will fall upon the STCR module.

4.4 Main intent related (non-nominal) conditions to improve A® ConOps

As has been explained in the introduction, theenirmitial hazard analysis study has a dual
purpose. The first purpose is to gain insight i type of scenarios that should be considered
in the sequel of the safety analysis, i.e. in WPT®# second purpose is that the initial hazard
analysis results place the® AConOps into a new perspective regarding safety. dfy
advanced concept design, it is important to becamare of the weakest links in the chain.
This subsequently allows the designers to leamm filnis and subsequently improve theit A
ConOps design for these weakest links.
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On the basis of the initial hazard analysis outcartigere are ten (non-nominal) intent related
conditions (3,4, 7,8, 17, 18, 19, 29, 30, 42)t thave been estimated to cause once per
hundred flights that STCR line of defence shoukbhee the conflicts. These conditions are
specified in Table 7. Potentially, these conditiémsn the weakest links in the®AConOps
design of WP1.

Table 7. Main intent related (non-nominal) conditions

Rank | Class Description
3 (A1~ P1nQ2) Own a/c intent is not conflict free and nobody is aware
4 (B1nP2nQ2nR1) Another a/c intent is not conflict free and nobody is aware
7 (B1nP2nQ2) Another a/c intent intentionally not conflict free; others are not aware
8 (AlnQ2) Own a/c intent intentionally is not conflict free; others are not aware
17 A4 Intent of ownship aircraft not broadcasted
18 B4 Intent of one other aircraft not received
19 (B4’ n P4 n Q4) New intents of multiple a/c not received and crew does not know
29 P2 Own crew has SA difference for another a/c
30 R2 Ownship state/intent is not properly perceived by encountering crew.
42 (A4 n B4’ nP4dnQ4) Intent exchange does not work well and nobody is aware

Eight of the ten main intent related (non-nomircaiditions in Table 7 have to do with multi
agent situation awareness differences. This melaais dach of this eight is of potential
relevance to be addressed by WP4. In addition éxjgected that WP9 tries to address the
mitigation of all ten main conditions through therigation of safety requirements. For WP8
the best that can be done is to start writing dawdetail how the proposed*AConOps is
expected to work for each of these conditions, tarttiink of options that may exist for Flight
Operations Centres (FOC’s) in being of help tortiggation of one or more of these main
intent related conditions within the®AConOps. And complementary to this, WP8.3 may
consider what the options are for ATM on the growtén A equipped aircraft are assumed
to fly within the SESAR 2020 advanced concept.

Because the intent related (non-nominal) conditianBable 7 have been assessed in a rather
gualitative way, and the maximum frequency of ocence and the worst consequences have
been estimated using educated guesses, it maywsdirpe the case that one or more of these
conditions are much less risky or happen less &ty than we currently expect. The best
way to find this out is to conduct Monte Carlo slations of scenarios that include the main
conditions of Table 7. Then it may become cleat tiod all of the conditions in Table 7 are as
risky as our current pessimistic estimates are.
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5 Concluding remarks

This report performed a hazard identification amitidl hazard analysis for the*Aoperation
which is described in iFly Deliverable D1.3 on tAetonomous Aircraft Advanced G\
ConOps [iFly D1.3]. The key outcome is the idenation of ten (non-nominal) intent related
conditions, which deserve dedicated attention by8VERd WP9 with the aim of improving
the A*> ConOps for these conditions. Eight of the ten nominal conditions have to do with
multi-agent SA differences, and such is roughlynested to happen up to once per 10 flights
or less. These eight deserve dedicated attentom WP4.

In parallel to this hazard identification and iaithazard analysis, the development of a Monte
Carlo simulation model has been started that aorapture the accident risk and the flight
efficiency of the & operation. Such a simulation model should coveritiman and technical
agents, their interactions and both the nominalreardnominal aspects of the operation. This
will be reported in iFly deliverable D7.1c. Subseqtly, Monte Carlo simulations will be
performed to assess flight efficiency and collisiisk of the A operation. The scenarios
considered will make use of the results obtainethis report. Eventually, the results will be
reported in iFly Deliverables D7.3 and D7.4.
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