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P4 — Total System Risk Assessment

Wilfred Rouwhorst (NLR) and project partners
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P4 - partners )

Stichting Nationaal Lucht- en Ruimtevaartlaboratorium (NLR)

Office National d’Etudes et de Recherches Aérospatiales (ONERA)
Centro para a Exceléncia e Inovacao na Industria Automovel (CEiiA)
Centro Italiano Ricerche Aerospaziali (CIRA)

Instituto Nacional de Técnica Aeroespacial (INTA)

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

NAVBLEU (NavBlue)

Airbus SAS (AI-SAS)

10. Airbus Operations SAS (Al-F)

11. Thales AVS France SAS (TAV)

12. Thales LAS France SAS (TR6)

13. Technische Universitat Minchen (TUM)

14. Deutsche Lufthansa Aktiengesellschaft (DLH)

15. Koninklijke Luchtvaartmaatschappij (KLM)
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Objectives )

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

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

140 180

Rate (per 10 Million flights)

Occurrence

Number of Occurrences

= == == Accident (Rate per 10 M flights) = == == Serious Incident (Rate per 10 M flights)
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= Risk observatory
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What Is a Risk Observatory? )

An enabling tool for Safety Management
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Why do we want a Risk Observatory? =" ™"

source: EASA Annual Safety Review 2017

= = =
o (] s
1 1 ]

Number of fatal accidents
per 10 Million Movements
[+s]

2006 2007 2008 2009 2010 2011 2012 2013 2014 I 2015 I 2016
Non-EASA MS - Fatal Accident Rate (per 10M departures - ICAQ)
== EASA MS - Fatal Accident Rate (per 10M departures - ICAO)

FlightPath 2050 goal: The European ATS has less than one accident per ten million
commercial aircraft flights

Aim is to reduce the number of accidents by 80% compared to 2000 taking into account
increasing traffic volumes (doubling ~ each 15 years)
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Why stakeholders want a Risk
Observatory
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My Risk Observatory
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Combining Data Sources g
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Occurrence data Exposure data Risk modelling Prediction Text/Data mining
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Introducing the Risk Observatory )

_ Feed into integrated User:

Gather Structuring of risk assessment : Analyst

e Gl safety data framework (models) Acquwg - Manager
Salety data . safety information g

From different SOUFCGS — — —

é e : Domain:

e Ul're FDM data 1 4 Operator

data Radar data Occurrence data QD—D—m IO — \ ANSP

- data, &00 Exposure data ° acoo — i \/Ianufaqturer

rvExposu 3w Yo } 8 . 0 ‘ ( @ ° Alrpqrt

1208 4 osd L) Authority

Acquire
safety information

The risk observatory will acquire, fuse and structure safety
data and translate it to actionable safety intelligence
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Approach to reach objectives (1/2) §

1. Stakeholder Consultation and

desktop research
m ¥ Aircraft operators

Aircraft operators 12 ¢ ANSPs

ANSPs 10 $ Aircraft manufacturers
Authorities 7 ¥ Airports

Aircraft manufacturers 2 $ Authorities

Airports 4

2. Drafted requirements

3. Translated requirements into an
“early look and feel” RO prototype
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Approach to reach objectives (2/2) §

4. Improve RO prototypes
- Backbone models (RE, MAC, ...)
- Back end interfaces
- FDM data
- Other (specific user) data

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

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

7. Prototype RO s/w & User Manuals update

8. Business Model development
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Achievements till Today g

Structuring of Feed into integrated risk
safety data assessment framework

)

N dat Acquire
aa safety information
Occurrence data DD—D—D
Exposure data - ED
& o (mm
A
‘ ~
. .. .

Acquire ‘ é A
) . @
safety information ®

Prototype risk observatory

dat® Radar
data 6009

o
Exposure W >
data W ¢

Research and acquisition of data

Model developments

Total Aviation System Risk Picture 2016 & 2017

Functional design of the Risk Observatory

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

Preliminary Business Model
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From data to infopmation

SAFETY | FUTURE SKY

Structuring of
safety data
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Feed into integrated
risk assessment
framework

FDM data

Occurrence data

Exposure data

Weather data etc.

3

Occurence
Dashboard

Acquire safety ‘
information

Risk Dashboard
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Occurence Drill Down
Dashboard

*

7 November, 2018 | 13



>

Acquisition of Data

First set of FDM data processed & interfaced *
On RE’s Safety Performance Indicators (SPIs):.

- Short, Hard and Long Landings

investigation runway overruns (RE’s)

2000 - Distance touchdown to reaching 80 kts, EDDM, Runway 26L
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point, EDDM, Runway 08R
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From data to information

Structuring of
safety data

Feed into integrated
risk assessment
framework

FDM data
Occurrence data
Exposure data
Weather data etc.

‘ Acquire safe

information

Occurence
Dashboard
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Occurence Drill Down
Dashboard
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RO Developments: Models & Interfaces
RO INTERFACE BACKBONE MODELS DOMAIN / SPECIFIC MODELS
. - =
Safety Indicators AACER D%Dg%o D%D%%_D
h_ o0 - OO,
—v— ———— Mainly one to one D_'[:r:l‘laﬁ[_:]
= )
++RW‘||" EXC D%D gﬁg DDD
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DO €T o500 O
oD 600 [oe==l
Generic CF = c nntrlbutlng Factors"— 525

>

|ﬂﬂUEﬂCi|’lg Factors Mainly many to many

\1/ \IL_ N1/

Runway Excursion (RE) model
Mid Air Collision (MAC) model

Loss Off Control In-flight (LOC-I) model

Other models, like CFIT

SAFETY | FUTURE SKY

} see backbone model presentation of
Pierre Bieber (ONERA)
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From data to information
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Structuring of
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Feed into integrated

risk assessment

safety data framework
FDM data N ﬁm
Occurrence dataA] ‘ g o [
Exposure dayd L L1010
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/
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Risk Assessment Framework

Example — RE-Model

RE-model
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Feed into integrated
risk assessment

framework

é .
4.1 - Excessive

or unstable
Speeds

Default values to
be checked with
own/user data

SAFETY | FUTURE SKY

4.6 — No Go
around

Unstable
approach

\

W,
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Example G/A High Speed Occurrence .= .
Rate and correlated Influencing Factor =~ ™™

Occurrence Dashboard — Occurence Drill Down
Dashboard

1230-around due to high speed Tailwind landings

Occurrence rate per 100000 landings
Tailwind landings (%)

2015 2016 2017 2015 2016 2017
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Combining risk models

Contributing Factors
(Model Input)

VAN
Weight

A

Wind

A

Speed |

r .

Flaps

Incident Model

). Image:IATA
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Start of
Braking
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|

FDM data
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Model
Qutput

l Frequency

Incident metric
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Accident
probability

Flight crew does
* not execute
missad approach

yes Alrcraft touchdown | yes

Unstable ¥Es
" long or fast
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Runway
exCursion
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ormal landing
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Incident and accident data
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From data to information Foed info Mg eI
Structuring of risk assessment
safety data framework

FDM data
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‘ Acquire safety
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Occurence
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RO prototype 1/ :

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

ryTy— T = First prototype :

L0 ool e Pomepone DA

A oo §re Qe Xmer 7w @ - Risks driven by MAC & RE models and

| I Daswreries darbbrerd - grerroem Rins darhbaard - ererves - -
il — . - Operational data, first SPIs under development
=T . .
e A - - Available online for partners:
3-"0-—:-'.':\"‘; : : e "“'"':' : : ?.‘I;ENTRH'\-\;\’.N-RA(\?ﬂl‘)ranfl.(F,LEHI’_'.-H'nEl!E'nJI!.‘NI‘.uJ-C-iJY121.«-':'12E?\D..$1D'.J.'-\EEA.IIT(f\'lflh'EL.'rA.'H-i.l\?r?:llaem,tlh:m hem I @ 0 H
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YL e rra—— D -’ axt e cobma 4’ "'
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(= > Q % .
Please sign in

Future Sky Safety = Home  Occurrences  Risk=  Whatif?  Safety Learning  Search Account

Home Page
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RO prototype 2/ g

- Avallable online for partners for Verification & Validation
- Still under Development but intends to allow for:
Occurrences dashboard
Risks Dashboar( ks
What-if-analysis wio

Pt Sty o e Risk Picture
Search Dashboard
Learning Centre

Home Occurrences iﬁ. What IT? Safety Leamning -

Dashboard

O O O O O

— Jitns. ||-|| I |I||
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Risk Pictures (RP) 2016 & 2017
Total Aviation System Risk N - |
has been defined, composed of ¢ e
- Runway Excursions (RE), .
- Mid-Air Collisions (MAC), .
- Controlled Flight into Terrain
(CFIT),
- Loss Of Control In-flight P
- Runway Incursions (RI),
- Fire, Smoke & Fumes (FSF)  |= l I g—
RP contains quantified safety |~ I - I Zz

Distribution of estimated End P it[m] Risk picture (based on GS when passing RWY end)

performance indicators that
measure the actual progress
with respect to main safety
Issues

GGGGG

GGGGG

¥ "
sqee
F AR \
G666y a
g ] 2
(R L 1y , &1
Distribution of Ground Speed [kts] when passing end of runway
0
| 1 100 10,000
0% o W
40

50 60 Rate per million flights +
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RO prototype “Using it” g

*x *
* FUTURE SKY

* SAFETY
*

User Name:

Password:

© 2005-2018 Hitachi Vantara. All rights reserved.

Future Sky Safety = Home  Occurrences  Risk~  Whatif?  Safely Learning  Search Account

Home Page
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Future Sky Safety  Home  Occumences  Risk~  Whatlf?  Safely Leaming~  Search Account~

Longitudinal Runway Excursion Risk

Runway Excursion
0.000014 —

Date 0.000013

0.000012
(Rl 2018-01-01

2.00001 4

To 201 9
0000010 -

Show/Hide 0000009 -
W Baseli 0.000002 -
0.000007
0.000008
0.000005 -
0.000004

Non-rejected incorrect

touchdown 0.000003

Incorrect touchdown 0.000002

0.000001 4

Non-corrected unstable

0.000000

20180518 2018100
Period

Contributing factors

<

Non-decelerated incorrect touchdown
0.000014 —

0.000013
0.000012

o.00001

1
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Future Sky Safety Home  Occumences  Risk~ ~ Whatlf?  Safely Leaming~  Search Account~

Longitudinal Runway Excursion Risk

2012-05-18

0N 20121002

. Period
Options
Incorrect Touchdown
038
Date o]
From  [pll] 1 8]
030 |
9 028
028 |
024 |
B Baseline 022
020 |
Contributing factors 013
Non-decelerated incorrect .18
touchdown amd
Non-rejected incorrect 1]
10
0.0
Incorrect touchdown
0.08
B Non-corrected unstable L0
5 0024
L0
Mmes518 WE-10-01 0181002
Period
Non-corrected Unstable Approach
0048
0044
n.042-|
0.040-|
o0z -|
0038 -—
0.034 ——
0032 -—
-—
0020
——
0022
0.028 | v
00244
0022-|
0020
nnrd -
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Future Sky Safety Home  Occumences  Risk~  Whatlf?  Safely Leaming~  Search ccount -

Longitudinal Runway Excursion Risk

Options p—
——
-—
Date —
o2z —
From [yl 1 oo
013
To 201 g o6
014
- 2
Show/Hide ooio |
.00z
006 |
.00 |
Contributing factors o0z
Non-decelerated incorrect s 20181001 20181042
WE100 e e
touchdown Period
Non-rejected incorrect e Unstable approach
touchdown N
404
Incorrect touchdown 1]
384
Non-corrected unstable
- D32
30
le approach 028
.26
124 4
20
134
184
144
124
104
034
6|
0.4
02|
00
20131001
Period -
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Future Sky Safety Home  Occumences  Risk~  Whatlf?  Safety Leaming~  Search Account~

Longitudinal Runway Excursion Risk

; Runway Excursion
Optlons 0000014 -
Date 0000013
1000012 o
000011 -
To 201
0000010 -
Show/H e ]
W Baseline 0.000003 <
0.000007 -
Contributing factors ;
0.000006 -
Non-decelerated incorrect
touchdown LRy
0.000004 -
Non-rejected incorrect
touchdown 000003 4
Incorrect touchdown (e
0000001
Non-corrected unstable
o.000000
20180518 20181001
Period
Contributing factors
Non-decelerated incorect touchdown
0.000014 —
0000013
0.000012
0.000011
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Future Sky Safety  Home

Occurrences

Risks

What If?

Safely Leaming ~ Search
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Account~

Show 10 v |entries

EVENT
BBO00F
BB000e
BB000d
BB0O00C
BB000b
BBO00a

Showing 1 to & of & entries

Show 10 v entries
REFFERENCE
500.1 RW
500.2 RW
500.3 RW
500.4 RW
500.5 RW
500.6 RW

501.1 RW

SAFETY | FUTURE SKY

DESCRIPTION

DESCRIPTION

Risk Dashboard Detail

Gates Detail

Unstable approach
Non-corrected Unstable Approach
Incorrect Touchdown
Non-rejected incorrect touchdown
Non-decelerated incorrect touchdown

Longitudinal Runway Excursion

Influencing Factors Detail

WEIGHT
Runway surface quality 1.01
Runway length 122
Runway width 1.125
Runway slope 1.015
Runway lighting 1.035
Runway Visual Path Guidance 103
Wind 0.89

PROBABILITY
0.329369
0.0365385
0.230231
0.000255406
8.50523e-06

8.51829e-06

RETIFIED_WEIGHT
1.01
1.2200000000000002
1125
045
1.0350000000000001
103

0.5860000000000001

Search:

FERIOD

2018-10-01

2018-10-01

2018-10-01

2018-10-01

2018-10-01

2018-10-01

Previous

Next

Search:

GROUP_DESCRIPTION
Runway characteristics
Runway characteristics
Runway characteristics
Runway characteristics
Runway characteristics
Runway characteristics

Weather
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Future Sky Safety =~ Home  Occumences  Risk~  Whatlf?  Safety Leaming-  Search Account -

WHAT IF?

Options I Runway Excursion
Model nmEd]
ooz |
0.000011 o
Contributing fact .. s Do00010 |

Set Comrmutln £.000008 +

0.000008 +

Influencing factors oog0007

Set Influencing Factors 0.000008 +

0.000005 -
Show/Hide 0000024 -
W Baseline oo0000z
Non-decelerated incorrect 0.000002 4
touchdown
0000001
Non-rejected incorrect 1.000000
touchdown 20180518 20181001 Wihat if?
Period
Incorrect touchdown
Contributing factors
Non-decelerated incorrect touchdown
0000014 -
0.000013
0000012
2000011
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Future Sky Safety Home  Occumences  Risk~  Whatlf?  Safety Leaming~  Search Account~

WHAT IF?

F Runway Excursion
Options 0000014 —
Model 0000013
| Longitudinal Runway Excursion ¥ ‘ 20000124
Longitudinal Runway Excursion
b IMid Air Collision - v5 — 2.000011 4
Mid Air Collision - v&.2 f |
- - 00000104
Set Contributinfig w 0000008 4
0.000008 -
Influencing fac 0.000007 -
Set Influencing Factors 0000006
0000005
Show/Hide 0000004 -
W Baseline 2o0o0ma 4
1 Non-decelerated incorrect 0.000002
touchdown
0000001
Non-rejected incorrect 000000
touchdown 20185510 181001 Wihat if?
Period
Incorrect touchdown
Non-cerrected unstable
Contributing factors
Non-decelerated incorrect touchdown
0000014 —
0000013
0000012
2000011
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Future Sky Safety Home  Occurences  Risk~  Whatlf?  Safefy Leaming~  Search Account

WHAT IF?

options Runway Excursion
0.000014 —
Model 0.000013
Longitudinal Runway Excursion ¥ oooo2 4
0.000011 o
Contributing factors oo0oma 4
Set Contributing Factors o.00000e
0.00000z |
Influencing factors 0.000g07 -|
Set Influencing Factors 0.000008
0.000005
Show/Hide o.000004 -|
W Baseline 2000003 4
Non-decelerated incorrect 0.000002 4
touchdown
0.000001
Non-rejected incorrect 2000000
touchdown 2018-05-18 2018-10-01 201 What if?
Period
Incorrect touchdown
Non-corrected unstable
approach
Contributing factors
Non-decelerated incorrect touchdown
0.000014 -
0.000013
0.000012
0.000011
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Set Influencing Factors For: Longitudinal Runway Excursion

Runway characteristics
Weather
Runway Conditions

Crew Performance

SAFETY | FUTURE SKY 7 November, 2018 | 34




SAFETY | FUTURE SKY

Set Influencing Factors For: Longitudinal Runway Excursion

Runway characteristics

Weather

Wind

Consider as an influencing factor ¥/

Reset Values

Moderate head wind

80

Strong head wind
14

Moderate tail wind

5

Strong tail wind
1

Moderate cross wind (not used)

0
Strong cross wind (not used)

0

Windshear / Turbulence

Consider as an influencing factor ¥/

Reset Values

Noneflight
80
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Future Sky Safety  Home  Occumences

Options

Longitudinal Runway Excursion ¥

Contributing factors

Set Confributing Eactors

Influencing fact vr.

Set Influencing m

Show/Hide
B Baseline

Non-decelerated incorrect
touchdown

Non-rejected incorrect
touchdown

Incorrect touchdown

Non-corrected uns

Risk~

What If?  Safety Leaming~

0.000014 —

Search

WHAT IF?

Runway Excursion

0.000013 —-
0000012
0.000011
0.000010
0.000008 o
0.000008
0.000007
0.000008
0.000005
0000004
0.000003
0.000002

0000001

0.000000

2018-05-18

20181001 Pt What if?

Period
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Account~

ble approach

SAFETY | FUTURE SKY

0.000014 -

Contributing factors

Non-decelerated incorrect touchdown

0.000013

0.000012

0000011
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Set Contributing Factors

1 - Approach preparation and management by crew

2 - Approach preparation and manag it by aircraft syst

3 - Ar Traffic Control

4 - Unstable approach (at 1000 ft or 500 feet)

5 - Inappropriate (early/ late) flare and touchdown

6 - Inappropriate lateral positioning and steering

T - Degraded landing gear or braking/ Steering systems

8 - Airbome systems - Runway Excursion Prevention
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Set Contributing Factors

1 - Approach preparation and management by crew

1.1 - Inaccurate weather forecast available at flight preparation

performs inaccurate landing performance check, or fails to performirevise landing performance
check based on available information

1.4 - Inadequate airport, approach or runway data available to crew (chart, AIP, NOTAM, FMS
1.5 - Crew performs inappropriate approach prep: (Non-compliance SOP)

1.6 ew fails to revise approachstrate owing ATC change re

2 - Approach preparation and management by aircraft systems

3 - Air Traffic Confrol

4 - Unstable approach (at 1000 ft or 500 feet)

5 - Inappropriate (early/ late) flare and touchdown

6 - Inappropriate lateral positioning and steering

T - Degraded landing gear or braking/ Steering systems

8 - Airbome systems - Runway Excursion Prevention

e-02

* *
* FUTURE SKY

* * * SAFETY

7 November, 2018 | 38




* *vy
* FUTURE SKY

* * * SAFETY

Future Sky Safety Home  Occumences  Risk~  Whatlf?  Safely Leaming~  Search

Account~

WHAT IF?

Runway Excursion

Options

0000014 —
Model 0.000013
Longitudinal Runway Excursion ¥ oom012 4
2000011
ntributing fac o000
Set Contributing Factors o.oonoe 4
0.000002 -|
Influencing factors o007 -
Set Influencing Factors 0.000008 -|
0.000005 -|
Show/Hide Do -
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RO prototype - Demo )

— RO DEMO available after the P4-session
— at the P4 poster presentation area (but only today)
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Preliminary Business Model g

» RO intends to be
 Complementary to other initiatives (e.g. Data4Safety)

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

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

« With analysis capabilities significantly greater than
available within aviation organisations

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

» Work on business model continues in 2019
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RO Next steps )

RO prototype available & online accessible

RO+integrated risk assessment framework
Verification & Validation

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

The Exploitation Action is expected to consist

of: /Yy
o Trial of prototype at KLM and at Airbus (in 7 70ﬂ l
2019) ' 516 /] 79 /‘7 ;

o Check other Stakeholder interest 2
o Update prototype according to outcomes 7 & //f//

Total Aviation System Risk Picture 2018 ﬁ S 74
o Showing use cases of prototype RO

Final RO s/w version ready before project ends
Complete Business Model
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Summary: Why RO?

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

Tallorable for each Stakeholder individually
Strengthening the ability to monitor safety performance

Contribute to reaching < 1 accident per 10 million
commercial aircraft flights:

More safety information available to organisations
Support business cases for mitigating overarching risks
Focus resources on highest risks

Tackle concerns at interfaces

YV YV VY
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P4 - Total System Risk Assessment "=~ ™"

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

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

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

Q Implementation, maintenance and operational use in a real environment ary

beyond the timeframe of P4
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Contact P4 )

NLR - Netherlands Aerospace Centre
Wilfred Rouwhorst
wilfred.rouwhorst@nlr.nl
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Consortium

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

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

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

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

Instituto Nacional de Técnica Aeroespacial Technische Universitat Miinchen Zodiac Aerosafety Systems

Wzkumny a zkuSebni letecky Ustav, a.s. Deutsche Lufthansa Aktiengesellschaft Institut Polytechnique de Bordeaux
Totalforsvarets FOrskningsinstitut Service Technique de ['Aviation Civile Koninklijke Luchtvaart Maatschappij

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

U ——
http://www.futuresky.eu/projects/safety

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

Occurrence data Exposure data Risk modelling Prediction Text/Data mining
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