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Model Based Advanced Methods
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and Embedded Technologies for Validation,

Design and Verification of Cyber-Physical Systems
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COLLINS AEROSPACE - EUROPE AT A GLANCE

¢ WORKFORCE

~15,000*
Direct Employees

~38,000
Indirect jobs

~3,000
Engineers

*including 5,000
employees @ 16 UK
sites

] ¢ SALES PORTFOLIO —

21%
Government

79%
Commercial

LOCATIONS

15
European
countries

88
Locations

Roots dating to
1890s

PROPELLER
SYSTEMS

Paulin Ratier EX
)

» LEGACY OF INNOVATION IN EUROPE

~20% of revenue
Invested in R&D

\ .
%ﬂé Collins Aerospace

N ke
9 S Carikr-
7 Oslo e o+ Merep6ypr
} @ Helsinki.
3 Stockholm Eesti
: / Latvija
Uniteripggem anma{k‘@ [
% {Kebenfiavn }_Lietuva MoWea
HageYa L
enapyce
~ Y

TR :
i A

0
ey {
9 Cesko @ Kuiis
<@) Stovensko Yxpaina
@M” en 7 A Chisindu
France Magyarorszag ®

@ . /®@Zagreb Romania <
Hrvatska ,

®
J @ G CPoWa Bucuresti
3 4 Buarapus Sdsmoa]
= S Rg.z ¥ clonje @ L
@ fia 27 1stavbul Epliwl
PoNugal b EMC\M? e Turkiye
! Jowsi ) 3 2y
@l - |
Ll L Tt K Lysus
I Manufacturing &
engineering
Services
© 2021 Collins Aerospace
This document has been approved for public release 4



LEGACY OF INNOVATION

AVIONICS AND ELECTRIC SYSTEMS ENVIRONMENTAL LANDING SYSTEMS NACELLES PROPELLER
COMMUNICATIONS CONTROL SYSTEMS SYSTEMS

@ Arthur Collins & 3 David Sundstrand @ Thomas Hamilton g Benjamin Goodrich @ Fred Rohr g Paulin Ratier
3 ‘ y W
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A/ID MARKET NUMBERS BEFORE PANDEMIC

Airline Pilot Demand,

DEMAND for AIR TRAVEL (3.28B to 4.8B + 1.6Bin 10 years) 10-year outlook at a glance
+  Demand for 250K new Pilot within 10 years
* Next Generation Air Transportation System (NAS) [ref] to R ol ot

increase number of planes and manage congestion plus entry of
new vehicle UAS =l +16B = +7K = Ml +10K '@

AIRFRAMER 'ﬁ. »-)- e gacie
« Air-framer design on-board and de-board (integrated transport ~ EE T e
system)
+ Component re-use across industry (Rail and Automotive) B @
* Hyperloop Technologies (HTT) will disrupt Air-market? e J
EU Research Funding European Defense Agency
«  European Defense Agency is coming = oy P .
Is Model Based System Engineer ready for these challenges? | ok I = i 50K | =

50% 70 180k
irline-pilot-demand-outlook-cae-inc.pdf ol LS o)
PS://PATAL U -k -Qemana-ou KCae- te) INOL0|
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https://www.cae.com/media/documents/Civil_Aviation/CAE-Airline-Pilot-Demand-Outlook-Spread.pdf
https://www.cae.com/media/documents/Civil_Aviation/CAE-Airline-Pilot-Demand-Outlook-Spread.pdf

AEROSPACE MARKET: QUO VADIS ?

|IATA recently provided an update of the air passenger
forecast growth for the next 20 years, including the
impact caused by COVID-19. A3.7% annual average
increase is expected, with more than 2x air passengers
by 2039.

Domestic and short-haul markets will recover faster,
with long-haul travel being the last to return to 2019
levels of demand.

Next decades, the market will be mainly driven by
short-haul aircraft and it is expected an increasing
contribution of REG and SMR platforms to intra-
continental mobility together with a potential growth of
General Aviation and Urban Air Mobility platforms.

Source:https:/Mmww.iata.org/contentassets/e938e150c0f547449¢ 109323 9597cc 18/ pax-forecast-infog raphic-2020-final .pdf

\ .
%ﬂé Collins Aerospace

COVID-18 HAS A PROFOUND IMPACT ON .
‘OUR FORECAST PROFILE IN THE NEAR-TERM ~ ftn @
WITH A SHARP FALL IN 2020 AND
STRONG RECOVERY IN 2021 AND 2022. 2019-2
There remains considerable uncentainty surrounding the CURRENT TRENDS
ea-term MEact of the pancemc on ar travel demand.
Growth and change in passenger Country pairs with the biggest
journeys by region changes in passenger numbers

SHORT -TERM LONG -TERM
SCENARIO ANALYSIS SCENARIO ANALYSIS
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IATA Economics’ Chart of the Week 20 November 202C

Strong cargo revenues making some long-haul services possible

I Revenues [l Profit
Costs B Loss

Premium cabins “ }m

Economy cabin “ E } o
Cargo belly 8- " “ . 4%
Totairevenves  |NRECRNN 7|
Flight operating costs | a2 ' . T8 '
Openatingproft NG 2
Overhead costs . 28 . 24
Profit ﬁ =25 |

TATA EConomics analysis Dased on data lrom SRS, DG, ACMG, Cago B, IATA Slalstics, Plalls
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EU WILL BE THE FIRST ?

EUROPEAN AVIATION ARTIFICIAL
INTELLIGENCE HIGH LEVEL GROUP

The FLY Al Report
Demystifying and A ing Al in Aviation/ATM

Strategic Research and Innovation Agenda

°y Digital ¥

European Sky Strategic research
and innovation agenda 5 March 2020

The proposed European Partnership
for Clean Aviation !Nm ASD '_5_ g Heottzzs Honeywell YT mr'u'@ 48 ThaLes

September 2020

WITH INFUTS FROM EDA MLLITARY EXPERTS AND NATD ATTENDING IN AN CBSERVING CARROTY . f=g -

Draft - Varsion Ady 220
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SESAR: EUROPEAN ATM MASTER PLAN 2020

EVOLUTION OF THE EUROPEAN SKY in the next 20 years

Current architecture
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Future architecture

Higher airspace operations

Limited capacity

Faer scalabitity

Fixed routes

Fixed national airspace
struclures

Lirnited autarmatian

Law lesel af
ation sharing

Air traffic services
infai

Data and application
services

U-space cperations

Fragmanted ATM
nirastructure

Few Vehicles &
limited information
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Hetwaork eperations

Infrastructure

Dynamec & cross FIR airspace
eonfiguration & management
Free routes

High resilience

Autarmation suppart &
virtualisation
Scalable capacity

Unified information
& Usspace intarface

Integrated & rationalised
ATM infrastruciura

22D 2D

https:/AMww.clean-aviation.eu/files/Clean_Aviation_SRIA_R1_for_public__consultation.pdf

Many vehicles, services
and data in the air
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AUTONOMOUS INTELLIGENT SAFETY-CRITICAL

S Y S T E M S Flight in 2040 16.2M +53% 1.9%/year J
Dude, Where's My Autonomous Car? The 6
gt Levels of Vehicle Autonomy
.F;_?r-\l Overall cost Saving Reduce 15% of fuel HEEDS /AMWY-SYNOPSYS -convautomotive/ altono mous-driving - levels el
(s R $110 billion per year consumption per flight

The specification, validation and verification of Autonomous & Intelligent Systems is still an open R&D

topic
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https://www.forbes.com/sites/oliverwyman/2017/10/25/single-pilot-commercial-flights-are-not-far-off-even-if-fully-autonomous-flight-is/
https://aviationbenefits.org/newswire/2019/07/international-aviation-in-numbers/
https://www.synopsys.com/automotive/autonomous-driving-levels.html

EASA ARTIFICIAL INTELLIGENCE ROADMAP

Bl ECEthical

B il BSEASA Trustworthy Al building-blocks Top 5 EASA Al Roadmap Objectives

@ Devalop a human-centric Al Trustworthiness framework
® MakeEASAa leading certification authority for Al
E]a @ Support European Aviation leadership in Al

Al
nance -] Trustworthiness

e
—et= 9 ® Contribute to an efficient European Al research agenda
® contribute actively to EU Al stratagy and inftiatives Level 1 A/ML: Level 2 AI/ML: Level 3 Al/ML : more
? human/machine
assistance to human 5 autonomous machine
collaboration
2021 2022 2024 * Level 1A - Routine * Level 2A - Human * Machine performs
First usable First usable First usable 2026 assistance performs a function functions with no
guidance for qguidance for guidance for Finalized 2028 / Machine monitors human intervention
Level 1 AlfML Level 2 AlfML Lewel 3 Al/ML guidance for Finalized 2029 « Level 1B - Reinforced in operations.
(human assistance/ (human/machine (more autonomous Level 1 and 2 Alf guidance for Adapt to further assistance * Level 2B - Machine
augmentation) collaboration) maching) ML Level 3 Al/ML innovation in Al performs a function Human is in the loop

Al ROADMAP
DELIVERABLES

ST o

Phase |: exploration Phase Il: Al/ML framework .
I I | I I | I I | | | | I I | |

[ 2010 [TV 021 002 01 e  EE@ s 027 028 wm  EED 203 20m FLEE T 2035 |
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EE 2019 2025 2030 2035

v s First EASA Al/ML First approvals Single-pilot Autonomous

=

8= IPCs & applications of Al/ML CAT operations*® CAT operations*

=i

= E sr ) .

e} or Large Aircrafts, based on roadmaps from major players
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https://www.easa.europa.eu/newsroom-and-events/news/easa-artificial-intelligence-roadmap-10-published

WG114 EUROCAE: MACHINE LEARNING

_>AVSI AVSI: AFE-87-Final-Report AS6983: Plan Agree AS6983: Publication
©7 Machine Learning Structure and subgroup staffed Structure and subgroup staffed

September 2019 March 2020 May 2020 Sept 2020 Nov 2020 0%2022

A A\ A A >

\' \' \'4 \ll v
EgeAs AIR6988: Attificial Intelli [
. : ificial Intelligence in
EASA'DDILN Conckeptcs: of Design Assurance Aeronautical Systems: Statement of Concerns
For Neural Networks CoDANN AIR6987: Artificial Intelligence in
Aeronautical Systems: Taxonomy
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Verifcation &
Vabdation
El E E B
. l l y Note: this process is not fully linear but iterative. In particular, the safety assessment is not
v v all at the beginning, but it is updated all along the lifecycle and finalized
anly on i finished.
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ning and verification

7. ML-based component implementation

8. ML mpor

|
]
rent verification |
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{ 9. ML-based component integration in the system
[
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https://www.easa.europa.eu/newsroom-and-events/news/easa-publishes-joint-report-learning-assurance-neural-networks
https://www.easa.europa.eu/newsroom-and-events/news/easa-publishes-joint-report-learning-assurance-neural-networks
https://www.easa.europa.eu/newsroom-and-events/news/easa-publishes-joint-report-learning-assurance-neural-networks

UTRC ITALY E

RD PROJECTS

based virtual testing, standard-based tool integration

\ 11 BB Peiod: 201523 1 csacam

Modelling and Simulation Tools for Systems
Integration on Aircraft \_/

Application of model-based methods and tools for aircraft development. Main UTRC
focus is on model-based controls engineering, model-based automation, simulation-

Role: Tech & Meth & UC-provider

eth & B0 DD perod: 202022 Call: JTI-CS2-2019-
2018-SYS J k CIP10-LPA-01-73 (IA)

/" MISSION (CS2-SYS-GAM-2014-2015-01) ) /" ICOBRAKE () rc;-m )
MISSION Intelligent connected aircraft braking system %

Innovative sensing for temperature and positioning detection,
Temperature-based Wear detection and Optimization, Wireless
Communication, Packaged for harsh environment, Advanced Brake
health management and prognostics

Role: Tech. Provider

K B0 eciod: 201810

( CARVE

Combining Formal Model Based Design and
Robotics Platform for Reusable Components

Application of Formal Methods to Robotic Systems

collaborative environment

algorithms and machine learning

Role: Technology & UC-provider B0 B0 peiod: 20192
Call: ICT-01-2019

(" SHERLOCK (820680) SHERLGCK] “\

Provide a monitoring system to safeguard operators in a HumanRobot

Increase operator trust on HRC safety leveraging formal exhaustive

Formal Run-Time Analysis of Human-Robotic Collaboration
Autonomous System Run-Time Validation

Role: Specification and UC Provider
Call: DT-FOF-02-2018 (RIA)

A comprehensive cyber-intelligence framework for
resilient collaborative manufacturing systems

Secure multi-party computations and homomorphic encryption, distributed deep learning

and anomaly detection, distributed ledger technologies (blockchain) and smart contracts,
and distributed remote software attestation

Role: Tech. and UC Provider
([} ]
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/" COLLABS (871518 )
( ) :EQ.LABS

Period: 2020-22 Call: H2020-ICT-2019-2 (RIA) © 2021 Collins Aerospace
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https://www.collabs-project.eu/
https://cordis.europa.eu/project/id/871518
http://www.utrc.utc.com/images/20170620_UTRC_MISSION_Infographic.pdf
http://www.sherlock-project.eu/
https://cordis.europa.eu/project/id/820689
https://robmosys.eu/carve/

THANK YOU

Giacomo Gentile

Group Leader, Embedded System

giacomo.gentile@rtx.com

© 2021 Collins Aerospace
This document has been approved for public release 16

\ .
5\,"& Collins Aerospace



