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Abstract

The Future Sky Safety project 4 (FSS P4) aims &kldping a prototype Risk Observatory (RO) thatl w#sist in the safety
assessment of the total aviation transport sysféma. Risk Observatory is based on the interactidwéden safety models covering
various domains of the aviation transport systeincraft, Air Traffic Management, Airline Operatiom this paper we describe the
development of the Aircraft domain safety model @adntegration within the RO thanks to the speeiion and the implementation
of a dedicated interface between the Aircraft OpanaSafety Model described in this paper and &baage model developed in
cooperation with the other partners of the FSSgotoj

The main inputs used to develop the aircraft safetylel are the Aircraft Functional Hazard AssesanfERIA) and the Standard

Operating Procedures (SOP). The FHA is used tesagbe impact of the aircraft function failurestbe aircraft and its occupants
considering existing or assumed mitigation meawmsdanive safety requirements for the aircraft desig the context of FSS, the FHA
is used to infer a severity level for each congddrilure scenario and the ensued occurrence pitiipaargets as per the European
Aviation Safety Agency regulations. The SOP dessithe main actions to be performed by the fligatvaduring each flight phase in

order to ensure a safe flight and landing. The raitcsafety model computes, for each operation gome, a qualitative safety
performance measure that is based on crew ericcgfasystem failures, safety performance meastievious relevant procedures
and external actor errors.

Integration of the Aircraft Safety Model in the ROperformed via a Backbone model that has beeploged with other domains.
The Backbone model manages in a consistent wayrigecantributors and influencing factors like theveonmental conditions,
leading to a global risk such as Runway Excursidre Aircraft Safety Model is used to verify thaetpreliminary aircraft system
architecture is able to fulfil the safety objeciuwesulting from the FHA. The Aircraft Safety ModeIntributes to refine the aircraft
system architectures and flight crew contributquerations. It provides safety outcomes to the Basklmodel.

Keywords Safety; Aircraft Safety Modelling; Flight operatipmocedures; Runway excursion ; Mid-Air collision

1. Introduction

The Future Sky Safety (FSS) project aims at dewvetpa prototype Risk Observatory (RO) that williass the
safety assessment of the total aviation transpgstem. The Risk Observatory is based on the infierac
between safety models covering various domainkefviation transport system.

In the following of the paper we first detail th@le of the Risk Observatory and we introduce thionoof the
Backbone model that federates domain specific nsodEk then illustrate this notion with the Backbanedel
developed to assess the possible risk of runwayrsixm resulting from both ground and airborne esyst



failures, human errors — i.e. flight crew, air fi@tontrollers, ground operators and also adversgronmental
conditions that may occur in combination. In th#df@ing section we explain how we used two docuraent
produced by the Aircraft manufacturer (the Aircr&finctional Hazard Assessment (FHA) and the Stahdar
Operating Procedures (SOP)) in order to developvatgpe of Aircraft Safety Model. Finally, we deier how
this Aircraft Safety Model can be managed by thekbane model to assess specific risks and provisights

in safety performances to safety analysts usingRfbe Such outcomes considering the role of variausains
for a given risk, enable to perform a global assess of the total aviation transport system.

2. Risk Observatory

2.1. Goals of the Risk Observatory

The Risk Observatory (Verstraeten et al., 2016l agtjuire, merge and structure safety data andlatmit into
actionable safety information that should helpdeniify the combination of the most significant trdsutors
involved in serious incident and accident, and lggiih where effort should be put to reduce themhability of
occurrence. The core of the risk observatory isnéat by a risk assessment framework that integisaésty
models covering various domains of the aviatiomgpert system: Aircraft, Air Traffic Management,riie
Operation. The framework is fed by different datputs: e.g. operation data from the aircraft operdbomain
(e.g. originating from Flight Data Monitoring (FDMand ANSP (Air Navigation Service Providers) domai
but also occurrences data. The risk observatonryoffér important insights in safety performanceR® users,
which can be used in the risk assessment of nessadtioperations and innovative system architestanad in
safety assurance by identifying safety trends, rigyareas, and efficient mitigation measures. Bdvese cases
were defined during the first stage of the projeet,detail two of them:

* Risk Overview: The RO is used to assess the probability of secge and the trend over time of a given
risk such as Mid Air Collision or Runway Excursidn.addition, the RO is used to assess the impoetai
the elements contributing to this risk. An Aircrafinufacturer could use the RO in order to checktiagr
the combination of aircraft-related contributorsttwtcontributors from other domains and also externa
factors can lead to unacceptable risks. The atromadnufacturer could monitor the sensitivity of
contributors from other domains to a given rislonder to check that the assumptions made to asisess
aircraft design are realistic ones, i.e. not unstérated, and can be actually used to validatetiieomes
of the Aircraft Safety Models.

e What-if scenario: The RO is used to estimate the impact of chaijgesh as the introduction of a new
procedure or a new system design) on the assessiegiven safety event. An aircraft manufactweuld
use the RO in order to compare the safety impaduch foreseen changes with the current baseline in
which no change is implemented.

2.2. Backbone Model

The Backbone model has been developed with otheaids. The Backbone model manages in a consistnt w
contributors and influencing factors leading tolabgl risk such as Runway Excursion resulting freanious
causes in combination.

Contributing Factors are elements contributinght® dccurrence of a specific safety event. A coutiily factor
can be a technical causing factor (e.g. airbornground equipment failure) or human factor (fligitew,
ATCO, ground operator errors). A list of Genericn@dbuting Factors (GCF) has been drawn up for e@ih
These factors are part of the backbone and casléid to different domains. The following tableydes the
main categories of GCF have been defined for #leaf runway excursion:



Table 1. Categories of Generic Contributing Factors

Ref. Generic contributing factorsfor RWY-EXC Risk

Approach preparation and management by crew

1

2 Approach preparation and management by aircrafesys
3 Air Traffic Control

4 Unstable approach
5

6

7

Inappropriate flare and touchdown

Inappropriate lateral positioning and steering

Degraded landing gear or braking/ Steering systems
15 | Airborne systems - Runway Excursion Prevention

16 Ground systems

The following table provides GCF for the risk ohmay excursion included in two categories.
Table 2. Contributors in Categories #1 ail

Approach preparation and management 4 Unstable appr oach

by crew
11 Inaccura_te weather forecast available at flig a1 Excessive speed
preparation
Crew performs inaccurate landing
1.3 performance check, or fails to perform/revis 4.2 Excessive lateral and vertical path

landing performance check based on
available information

Inadequate airport, approach or runway da|
1.4 | available to crew (chart, AIP, NOTAM, FMS 4.3 Excessive thrust

)

Crew performs inappropriate approach Late or inappropriate flaps/gear
15 . . 4.4 . .

preparation (Non-compliance SOP) configuration

Crew fails to revise approach strategy, Inappropriate use of automation
1.6 . 4.5 -

following ATC change request during approach

46 Absence of go around when

unstable approach
4.7 Late destabilization of the approag

>

Influencing Factors (IF) are elements that maydffee frequency of occurrence or the potentialseguences
of one or several contributing factors. A commat tif Influencing Factors is shared by all spedifienain risk
models and the backbone model. They can be appliedarious risks according to their relevance. The
influencing factors can be computed by the Domaiac8ic safety models but also at the level ofthekbone
model.

Their characterisation is based on average industhyes (for aircraft performance and charactes$tor on
international standards for aircraft and airporemions. Criteria used are based on official sesIfEASA,
ICAO...), Aircraft manufacturer internal sources (ogt@®nal procedures, Aircraft manufacturer averageling
performance effect) and Flight crew experience.

In the experimental stage of FSS, we have assigaetl IF a weight and also an estimated probalulity
encountering such an Influencing situation durirfight phase like the final approach or landing.

The weight of an influencing factor reflects itsflience (negative or positive one) on the sequesice
contributing factors that will lead to a risk. Thiight is directly linked to the characteristidsite influencing
factor. A weight equal to 1 is used to indicatet tha IF has no influence while a weight greatanth reflects a
negative influence. For example a ‘Good’ runwayate quality is assigned a weight of 1.



The weight associated to some specific influendawors like for example the runway length (sharedium,
long) may depend on the category of aircraft (lighedium propeller A/C, Light jet A/C,...,Heavy & Seipjet
A/C). The shorter is the runway the higher will the weight given the increase of a possible riskuofvay
excursion for a given A/C ground speed.

Examples of influencing factors with attributes green below:

- Traffic density and complexity: High, Medium, Low

- Runway surface: Dry, Dump, Wet, Contaminated

- Wind: Direction x strength: {Tailwind, cross windeadwind} x {moderate, strong}.

The wind strength has been defined according toAA&tification standards for aeroplanes (sge AWO 131
§ 3.1, (EASA, 2003))it is summarized in the following table.

Table 3. EASA Classification of wind strength

WIND Moder ate Strong

Headwind Less than 25 KT More than 25 KT
Crosswind Less than 18 KT More than 18 KT
Tailwind Less than 10 KT More than 10 KT

Probabilities assigned to each IF are much diffituldefine. There is today no actual agreed vatuxespt for
some of them like for example the wind. For thisafic IF the probability comes from an officialrtiécation
source (Specifications for All Weather Operatig@8VO)) and is already used in Aircraft System Safet
Assessment. This probability is applicable to thwle A/C flight duration.

Table 4. Probabilities of strong wind accordinghtdC AWO 131 § 3.1

Strong Head wind 8x10(per cycle)
Strong Tail wind 8x18 (per cycle)
Strong Cross wind 1x10(per cycle)

The initial values of the weight and probabilityafcurrence are set in the risk observatory andbeamodified
by the RO user based on statistics from its owalute.

It is worth noting that such a notion of InfluengiRactor has been introduced in the frame of tb@gpt and has
not been validated nor approved by the industdainers, airlines and EASA. Therefore the safetjopmance
indicators resulting from this modeling activity rfmmed by using the RO shall not be considered as
trustworthy outcomes.

2.3. Runway Excursion Backbone Model

The backbone model used for assessing the riskioivRy Excursions is based on the Accident Incidémdel
relying on barriers that prevent failures/ errarptopagate and lead to the risk (see Eurocor2fifl)).

The main elements of the backbone models are tkeupsors’ and the ‘barriers’.
- Precursors represent a hazardous situation thetaacthe exposure to a barrier and also as th# ofsu
barrier failure.
- Barriers represent the safety function designegrevent the occurrence of the risk (e.g. runway
excursion). Each barrier has a fault tree assatiaith it, which represents the logically relatddreents
from the relevant domains contributing to its faglu

The elements that constitute the backbone modehargeneric contributing and influencing factgresented
in the previous section. The generic contributiagtdrs have been specified for the design of thetdRénable
the link with other specific domains.
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Recovered
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7- Failure to manage AfC
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Unstable

Inside TDZ touchdown
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NO /‘\Yes
5- Failure to manage short final,
flare & touch-down
Go-
around
Yes ~_No

4.6 Absence of go around
when unstable approach
No FaN Yes

Unstable
approach

4 Failure to manage stabilization
in final approach
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approach

Correctly prepared
approach attempt

Incorrectly prepared
approach attempt

NO "~ Yes

\/

|
2- Failure to prepare & manage
approach by system

1- Failure to prepare
approach by flight crew
T

Approach
Initiation

Initial state

Fig. 1: Backbone model for longitudinal Runway Epsian — Barriers

The backbone model built to model the risk of a WRay Excursion depicts how the different contribgtin
factors interact with each other and what impaeythave on the overall risk. Fig. 1 is a simplifigcaphical



representation of the backbone model related taiteof longitudinal runway excursion with the asmted
barriers to mitigate the risk.

This backbone model has been built according t@tioim-up approach. The starting point is the “Agmto
initiation” as depicted by the white oval shapedwdng. The light grey oval shaped drawing (Longjitad
RWY excursion) is the final unsafe state that Wélthe consequence of the inefficiency of all leasragainst all
contributing factors and influencing factors invedivin the risk.

The graphical elements of this model are explalmdw:

- The light yellow and light blue oval shaped draverg the next figure below depict intermediate step
Light blue oval shaped drawings can either be ainalrstate / situation (Stable approach) or a
recovered action (rejected landing) correspondingrt expected flight crew action. The light yellow
oval shaped drawings represent a failed statedtfn as for example ‘Unstable approach’ or ‘laugdi
outside Touch down zone’. Failed state / situatiaresthe result of a series of individual contribgt
factors or several ones in combination.

approach No A Yes approach

4- Failure to manzage stabilization
infinal approach

Fig. 2: Backbone model for longitudinal Runway Epsian — Link between factors and Barriers

- The next figure shows how a failed state / situatis modelled by a simple logic-OR Boolean
combination of several contributing factors. Th#uencing factors that may aggravate the situation
are indicated in the model. In the example of igarké below, flight crew performance (IF 503) and a
low visibility / ceiling (IF 501.5) have been codsred as relevant IF’s.

I 7.1 Damaged landing gear I—

| 7.2 Delayed / absence of ground spoilers —

I 7.3 Delayed or inappropriate braking |— 7- Failure to manage A/C

| 7.4 Inadvertent A/BRK deactivation (if used) I— deceleration on ground
— IF 503 Flight crew performance

I 7.5 Delayed reversers activation |— IF 501.5 Ceiling-Visibility

7.6 Aircraft defect on braking system I—

Fig. 3: Backbone model for longitudinal Runway Epsian — Link between factors and Barriers

3. Development of the Aircraft Operation Safety M odel

3.1. Model-Based Safety Assessment of Aircraft Operations

Model Based Safety Assessment (MBSA) approaches been developed among other things to strengtteen t
links between system specifications and safety msodéhese models also enable to automatically tntl
combinations of failures leading to undesired esdat complex systems. MBSA has been successfpjbied

to assess safety of the detailed design of airsyatems (see Bieber et al. (2004)). These moeésisrithe failure
propagation paths inside a system architectureecban the explicit description of how equipmentdugethe
system architecture may fail and how they behawteurfailure occurrence. These models usually dedl w
technical problems of equipment.



More recently, the MBSA approach was also usedssess the safety of systems at an earlier stadesifn
when the system architecture is not necessarily figfined. These new models focus on what theesyst
should achieve in terms functions and operatiops.ifstance, see Maitrehenry (2012) for a desaoniptf the
use of models to support Functional Hazard Assestsnhe that case, the effect of the failure of fiimes is
analysed. Other models were used to study theysafebperating procedures such as satellite graromdrol
operations (see Martinie et al. (2016)) or abnoramal emergency procedures, when interacting wéhAfircraft
systems (see Morel and de Brito(2016)). These msodehl with both system functional failures andrafme
errors seen as deviations from the expected adtiessribed in the Standard Operating ProcedureB)SO

In the frame of the Future Sky Safety project, wappsed to use the MBSA approach in order to haitdodel
of Aircraft operations that can support the assessnof possible risks of runway excursion and niid-a
collision. The Aircraft Operation Safety Model shabdescribe the operating procedures consideriagdlevant
function failures, human errors (flight crew, AT @earators) and also the most significant externatitmns.

3.2. Structure of the Aircraft Operation Safety Model

The model of Aircraft operations is based on aftc&andard Operating Proceduréscluding Flight Crew
Operating Manual (FCOM)) and the Flight Crew TramiManual (FCTM)). The same approach can be used to
model any type of significant safety issues/ maigks (e.g. risk of Mid Air collision, CFIT...).

<—Pilot’s operational procedure=» €—A/C functions—>p>
Flight Phases

. ( Aircraft system contributor )
Flight phase

External Factors

External factor
contributor

—» Sequence triggering = Data exchange

Fig. 4: Structure of Aircraft Operation Model

The model of Aircraft operations is organized adaay to the previous structure (Fig:

e The sequence of Aircraft Flight Phases and fligiviels requiring flight crew actions as indicatedthe
SOP’s (e.g. En-route, 200 ft., 20 ft.) is listedhe left part of the figure.

e Pilot's procedure and associated tasks, requiregetorm the Aircraft operations during the consade
flight phase, are described in the middle of thgurfe. Only operations that have been deemed relevan
regarding to each scenario are considered heneeains that only part of the operational procedargniy
an influence on the studied risk is analysed. Thelehalso shows Aircraft Functions / Systems used t
perform the Flight Crew tasks.

< External Factorthat influence the Aircraft operations (e.g. Airffic Management ...) are provided in the
right part of the figure. Interaction between ertdractors and the aircraft operations are depicyearrows
(data or status exchanges).

This model highlights the links with generic cobtriors involved in each scenario: either at thellef a pilot
task or Aircraft systems contributors, or at theeleof external factors. For example, the followipidpt tasks
must be performed as descent preparation beforeftdpscent:

" The reference for this study is an Airbus Long Raficraft.



DESCENT PREPARATION
Descent preparation and approach briefing should be completed before top of descent.
Ident : PRO-NOR-SOP-16-A-00012246.0001001 / 28 APR 14

WEATHER AND LANDING INFORMATION.......creuureersmmsesssrssssssussesssssssssssesssssassssssssssssmassssesses OBTAIN
Check weather reports at ALTERNATE and DESTINATION airports. Airfield data if any should
include runway in use for arrival.

Note:  When operating in cold weather conditions, consider alfitude correction. Refer fo
PER-OPD-GEN ALTITUDE TEMPERATURE CORRECTION.

Ident.: PRO-NOR-SOP-16-A-00013713.0003001 / 23 JUN 15
LANDING PERFORMANCE.........couisimmmimmmimmmssissssssssssssssmsssssssssssssssssssssssssssmsssssssssssssiases CONFIRM

Perform an in-flight landing performance assessment if the landing conditions changed compared
with the landing computation at dispatch, or with a previous computation (e.g. runway, weather
conditions, in-flight failure affecting performance, diversion).

Fig. 5: Extract from SOP related to Descent prefmarand Landing Performance assessment

This is modelled by the pilot task “Revise Approddtanding Strategy”. This task is linked to thentduting
factors # 1.3.b and # 1.6 (Fig). It uses inputs ‘Runway characteristics’ and “\tthea information’ (external
factors), Technical status of aircraft (from Flightew Alerting systems) and Charts as well as offiight
Management data (from Aircraft Flight Managemerstagn).

<4—Pilot’s operational procedure=—3p€——A/C functions=—3p

Technical status of A/C—( Crew Alerting J(Charts(,1F4M)S data)
| |

Runway data

Runway [500]

A 4 IFR approach
Revise Approach / Landing Strategy Ceiling/Visibility./\(Vind / QNH Weather
Cruise - - landing performance check (1.3.b) ¢ Hazards / special info (incl. information
preparation - approach preparation (1.6) contamination) / reported (1.1.b)
for arrival braking action (3.1/3.7)

Top of Descent

v
Fig. 6: Aircraft Operation Safety Model for Runwycursion — Landing Preparation Phase

The next figure gives the part related with thediag phase of the Aircraft Operation Safety Model.validate
this model, a selection of Runway Excursions déscriin accident reports from official bodies as BTS
ATSB, was analyzed. We checked that contributirggoiss identified in the investigation reports wemrectly
considered in the Aircraft Operation Model. Fortamee, we highlighted in dark red in the previoigype all
the factors that appeared in the accident repod afinway excursion that occurred in Paris Chatee&aulle in
2004 (BEA, 2004). In that incident, the flight credid not decide to reject landing despite an excesinal
approach speed, they did not properly monitor tbech Down zone leading to a long flare and theynditluse
the Thrust Reversers. Furthermore, there waswimailof around 5 KT during the landing.



s——Pilot’s operational procedure=——t-fe—A C functions=—

Flight Phases | External Acto
Storm, Windshear, turbulences CEors
o 0 - T ) 5011 /5014a/501.4b __|
[ res s |

Initiate Go-Around

- Wake turbulences [501.6), runway incursicns

)

- o excessive flight parameter deviatian (pitch ottitude, bank angle]
~Alrcraft at target approach speed (VAPP) & target Vertical Speed
- o Excessive deviation from final path {LOC/ G5)

Runway lighting properties (500.5) / characteristics {500.2%500.3

200 ft _. Monitor Tuudclwn zone, :-- Speed Target
e
Rurway wisibility conditions {rziny)
o0
e —
Reduce Thrust to idle —Retard alert—{ AP/AT [Z-.Eln
—
Manage A/C attitudes (5.2/ |€——Storm (501.1), Crosswind {501.3)—
5.3) & lateralfyaw p
— Stioining vs, centreling Lateral/pitch control
16.1) yaw control
v =Runway condition (502.1) / Runway characteristics (500.1->4) "‘_J
W =T s i .

Manage Touwchdown
ool
Brake (7.3/7.4/7.5})/
Steering (5.2)

|

Brake pedals (7.3)
Brakes [ Antiskid [ Steering
(7.6/7.7/7.3)

Runway excursicn Runway length (500.2)
evention (151}
MAX REVERSE

Fig. 7: Aircraft Operation Safety Model for Runw@ycursion — Landing Phase

3.3. Detailed Modelling with AltaRica

We used the AltaRica language (Arnold et al. (2Dp@0)describe the Aircraft Operation Safety Modehch
component (flight phase, operating procedure stggtem functions, ...) of the Aircraft Operation Sgfilodel

is described by a node that is selected from aepisting library. Fig.8 shows a node corresponding to a
processing function. This node has three statés automaton (shown in the figure):

e SAFE : nominal state



e LOST: degraded state when the function is losttohas an obviously internally detected erroneous
behaviour

* ERR: degraded state when the function has an urtddt& RRoneous behaviour (i.e. undetected intgrrall
even if this state may be detected by others systemnitoring either during the flight or through gtight
tests)

The node has two failure events Loss and UndeteEredneous Functioning (UEF) that trigger the state

changes. When available, a probability of occureeis associated with these events.

Furthermore, the node has one input and one otittitpropagate information about the correctnesthef

outcome of the function. Three values are used:

e OK: the function outcome has the expected value

e Invalid: the function outcome is either not proddic it is detected as an invalid by other funciasing
this outcome

e Corrupted: The outcome is considered valid and mat detected as faulty by other functions ushig t

outcome.
fnode Processing N

flow
jicone :[1, 3] : out;
input : {ok,invalid,corrupted} : in ;
output : {ok,invalid,corrupted} : out ;

state
STATE : {SAFE,ERR,LOST} ;

event
loss, uef;

init

* STATE := SAFL ;

trans
STATE = SAFE |- uef -> STATE:=ERR;
STATE |= LOST |- loss -> STATE:=LOST;

assert

o SAFE output = (case{STATE = LOST : invalid,
(operative) STATE=ERR : corrupted,
loss efror, else input)}; // component operative
¥ Emj_ : icone = (case(STATE = LOST : 2,
) \“f;#\( Q@ STATE=ERR: 2,
input —D—boutput oss \ else 7}); J

Fig. 8: Node State Automata, with translation iAtaRica code

This AltaRica node was used several times when wi the Aircraft Operation Model. The followingdiure
contains an extract of this model, it shows twaotdanses of the processing node: AC_VSpeedControl and
AC_SpeedControl that model functions that contetical speed and speed of the Aircraft. We ushdrdiypes

of AltaRica nodes that describe steps of opergtingedures such as Op_MonitorRejectLanding (ingtarica
monitoring task), Op-DecideRejectedLanding (inseant a decision task), Op_ManageVerticalSpeedaretbpe
(instance of a management task). As in the casheoprocessing function, an operating step is hotys
performed correctly. In particular, we considerttiiasks can be partially performed, not performed o
erroneously performed. The library of nodes desugitoperating procedures is explained in more Betai
(Bieber et al., 2016).

Landing

Cokround t g @rﬂp_ﬂonitnrkejectLanding

- " -, 4 ip_ﬁiecidEREjectedLanding
- T AC_WipeedComtrol

[ ]

-
Underz00ft 4’_‘:'—54 AC_SpeedControl
Op Manafe¥ercicdljpeedindipeed

Fig. 9: Extract from the Aircraft Operation saféfpdel in AltaRica

[



We also used nodes that model the active flighselfaanding, Under200ft, and GoAround). They aréniya

used to activate relevant operating proceduresiristance, during landing under 200 ft, the flightw has to
manage the vertical speed and the speed of theair€onsequently the link that goes from node &r260ft

towards node Op_ManageVerticalSpeedAndSpeed isiadedactivate this operating procedure step wihen
flight phase is active. Conversely, some opergtiragedure steps may activate a flight phase. Ftamte, task
Op_DecideRejectLanding can activate the Go Aroligtitfphase.

3.4. Safety Assessment Results

Minimal Cut Sets (MCS) (e.g. minimal combinatiorfsn@de events leading to an observed situation)hman
automatically computed from the AltaRica model. r lwstance, the 5 following MCS were generated gisin
Dassault Aviation Cecilia tool for AltaRica. Thel kead to a situation where the Aircraft Speeéxsessive at
Touch Down:

{Op_ManageTouchDown.UEF}

{AC_SpeedControl.UEF, Op_MonitorRejectLanding_U2ét L oss}
{AC_ThrustControl. UEF, Op_MonitorRejectLanding_Uriiaft.L oss}
{Op_ManageVerticalSpeedAndSpeed.UEF, Op_MonitodReggading_Under20ft.Loss}
{Op_ReduceThrustToldle.UEF, Op_MonitorRejectLandlhgder20ft.Loss, }

Each of the 5 previous lines is a MCS that givesrtame of one or several nodes of the model andethted
event leading to an excessive speed. The firstisiresingle event MCS representing an error oflthbt crew
when managing Touch-Down. The two following MCSrdxmne a technical failure (erroneous behaviour of
either the functions that control aircraft speedherengines) and human error (the crew does jettianding).
Finally, the two last MCS are combinations of huneawrors (erroneous management of speed or thrdsthan
crew does not reject landing). It could also bedhase that a MCS is exclusively made of technigélifes or
that the MCS contains some external events suttedsss of GPS satellites.

This safety outcome can be used to demonstratethieatircraft meets qualitative and quantitativéetsa
requirement. With respect to qualitative requiretsgwe could for instance review the MCS in ordecheck
that no single safety event can lead to a situatiah has a catastrophic effect. With respect tantjtative
requirement the MCS can be used in conjunction witbrmation about the probabilities of the nodemg in
order to compute the probability of a given sitoatsuch as excessive speed at touch-down.

The aircraft manufacturer can provide the prob&édiof the occurrence of function failures andsoime
external events but human errors are not usuabyiified in the safety model built by the Aircrafanufacturer
and systems provider since this is not requestethbyEASA. So it might be difficult to check quaative
safety requirements of aircraft operations withimfiormation from other domains such as airline apans or
ATM National Service Providers.

4. Integration of the Aircraft Safety Model into the Risk Observatory

The Aircraft Operation safety model can provide lijative and quantitative information for the baokie
model. For a given Generic Contributor of the Bawid model, an observer node is created in the AtaR
model. This observer node is used to automaticlypute the list of all minimal cut sets leadingatstate
where the Generic Contributor has occurred. Oneinmaih cut set is a combination of domain specific
contributors leading to the occurrence of the Geréontributor.

Let’s consider the generic contributor 4Bxtessive Speédf the Backbone model. It is a contributor thedds
to the failure to manage stabilization during thmalf approach. As explained in the previous sectienuse the
Aircraft Operation Safety Model in order to genertACS for the situation “Excessive Speed at 20%/e can
use the combinations of technical faults and hueraors of the MCS in order to refine contributot 4f the



Backbone model. A similar approach can be usedlfdgeneric Contributors that can benefit from mmfiation
contained in the Aircraft Operation safety modegf@ircraft function failures and operating progederrors).
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Fig. 10: Relationship between domain specific madeskbone models and RO interface

We can also provide the occurrence probabilityeohhical failures managed by the Aircraft manufestuf the
backbone model also contain probability of humanrsrprovides by aircraft operators and ANSP thehould
be possible to compute the probability of the adin€ric Contributors and of overall risk (Runway &nsion,
Mid-Air Collision, ...).

5. Conclusion

Future Sky Safety project aims at developing al teyatem approach to aviation safety. This EuropR&T
project has demonstrated the added value and patehtdeveloping a Risk Observatory formed by highel
modular framework that connects safety risk assessmodels of the different domains in aeronautgh
this purpose, FSS partners agreed to elaboratea@dstbackbone model enabling to federate outpuots fr
various domain specific safety models.

This paper has highlighted how a safety model apesl by aircraft and system manufacturers can pedu
relevant safety outcomes usable by a backbone nibdeks to an appropriate interface structure,ridteoto
produce relevant safety performance indictors afgéglin a Risk Observatory.

5.1. Lessonslearnt

One of the difficulties we had to face with, in thhame of Future Sky Safety, is the lack of unifaynbetween
the risk classification scheme used by the airerefhufacturers and the Air Navigation Services Rierg, both
being partners of this project. The safety modelated to the first domain use the CS25-1309 @eatibn
specification for Large Aeroplanes (EASA), whileceaANSP uses its own Risk Classification schemeedr
with their local/ national regulatory bodies.

From a qualitative point of view there are yet $amiiies in the two domains: Both Risk ClassificatiSchemes
refer to five fairly equivalent levels of sever{fiyom No Safety Effect to Accident / Catastrophiorat case) and
five categories of frequencies (from ‘very frequar to ‘rare’ events for ANSP based on targetedjfiencies
of occurrences per year and from ‘probable’ upetdremely improbable’ for the aircraft failures ate the
quantified objectives are expressed in failure pateflight hour); see (EASA, 2015).



Recently EASA took the initiative to build a safgthan aiming at standardizing the risk classificatused by
each ATC national regulatory body (see EU No 37642@014). This work is in progress. In the experial
stage of FSS, we will propose a common Risk Cliesdibn Scheme with coherent target probabilitiest t
would enable the RO to produce safety performaimzbsators.

A bottleneck is the collection of data in a stailead and secure way due to the large variety iichvbperators
collect and process their data. A particular cimgiée for Europe is the involvement of organizatidrem

different countries with different cultures and aégystems. In the coming years exchange and catiqers
foreseen with similar initiatives aiming for a sassful Risk Observatory for total system risk mamagnt.

5.2. Further Work

The development of risk models will be improved by:

e Further developing human response modelling. Thera need to get a better understanding of the

relationship between qualitative generally underdtootions and the translation of these in reaknlable
and quantifiable influences on risk and risk redurt

e Selecting the appropriate level of detail of thededo This selection is strongly dependant on the arsd
users of the model;

e Assessing the availability of representative ddataaed improving the integration of Data (FDM, ABS-
accident reports, ...) into the RO in order in ortteimprove the accuracy of safety performance s
resulting from the models assessment ;

e Using the Influencing Factors in the quantitati@ssessment ;

e Analysing common causes across domains ;

« Reinforcing the partnership between the differgpes of stakeholders e.g. airlines and manufacuirer
order to refine the multi-domain safety model ass®ent of risks in aeronautics.
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