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EADS Core Competencies

Materials & processes and advanced Composites technologies  Friction stir weldingSmart structures
manufacturing

Structures engineering and acoustics

Microsystems, electronics and image

processing Adv. structural modeling Advanced

EMC simulation
concepts

Systems engineering and systems
environment sciences

Information systems security

Processes for engineering and
information management
techniques

Microsystems

Standardization, patents, intellectual
property strategy and knowledge
management
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: Research, Technology, and Development are r'ell'*@ted oJJii

Worldwide R & D
spend was circa €3.4Bn |

-Ranked 34" world best*

* UK Government figures







EADS Innovation Works
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Intent Detection
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200 300 400

Deaths ("000°s)
* Civlllans only. Figures based on media reports

DEATHS BY COALITION COUNTRY
Number of deaths
3808 EUS 18 UKRAINE
170 M UK 12 H BULGARIA
32 WITALY 11 H SPAIN
22 B POLAND 34 B OTHER

Total: 4,109

N
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DENMARK

EL SALVADOR
SLOVAKIA
LATVIA
ROMANIA
AUSTRALIA
ESTOMIA
METHERLAMDS
THAILAMD
CZECH REF
HUNGARY
KAZAKHSTAM
SOUTH KOREA

SOURCE: Irag Coalition Casualty Count
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EADS%;R Information Systems Security:
The need is recent \

The move to Open Systems and Systems of Systems Sol '-\n

Information systems become ubiquitous in our products |\

— Massive use of civilian technologies (COTS, standard protocol
architectures e.g. Windows) where dedicated technologies were \\
(defence, aeronautic, space...)

Connectivity and opening of Information Systems enhances our business
= New services to IS users (IFE, Maintenance,...) AR
— Ease of use & interconnection
= Cost reduction

This has a price: a higher risk exposure (Safety & Assets)
— No implementation has formal guarantee
— Multitude of ways to penetrate IS (various connections and software...)
— Description of attacks is widespread (tools on the web, large community, ...)

=~ Terrorism action is simplified!
=~ Spying!
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EADS  Our needs: airplane example

VIRUSES
WORMS
T\RéJAN HORSE

ADN

o4
</D Cabin
Services

4
Aircraft Z

Control

Internal
802.11

Crew
— Y |Devices) [Internal

802.11

[ VHF/HF ] CSATCDOM V P
Broad External

band 802.11

NOES o qork \oet
%“&@ @Q«g@% QAN @%2@@@%
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"~ — How graphics have evolved

EADS







Total Residents: 6,667,444
Logged In Last 60 Days: 1,737,273
Cnline Now: 31,501
want to Learn More About Second Life?

1, Tech Support at ¥Your Fingertins

2. Secrets of Scripting

3. Tools, Tutorials and Templates

. 4. Organize Your Qut-of-control Inventory

| 5 Attend a Class aoing on now

GRID STATUS: OMLIME
, Second Life Time: 8:35 am PDT

e R o el

~ Mews & announcements from blog.secondlife.com:

The Plan for Woice Thu 24 May 192:06 PM PDT
Grid Slowdown Experienced Thu 24 May 17:31 PM PDT

Second Life Sculpted Prirn Contest: Show s Your Sculpties| Thu 24 May 09:10 &M PDT
Undate aftermath.. Wed 23 May 13:11 PM PDT

First Name: Last Name: Password:

I
Start Location:  [[FfEHYRIUSINEe @ Remember password
1.16.0 (5)]
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Customization

A380 FC/BC Lavato



Cabin Innovations

ible wellness Devi

Massage



EADS'";T Immersive Technologies
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Concepts

Tools

Reality Virtuality

4Pal world computergenerated world

Sl | Mixed Reality

Mixed Reality (MR)

1:1 Interaction

The CAVE: Crua-Neira et al, Siggraph 1993

Desktop PC

01.06.2009 31
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DS Usability of virtual environments

Uberwachungsraum
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SYSTEMS ENGINEERING is an interdisciplinary, collaborative

approach to the engineering of systems (of any type) which aims to
capture stakeholder needs and objectives and to transform these into
to a description of a holistic, life-cycle balanced system solution
which both satisfies the minimum requirements, and optimises
overall project and system effectiveness according to the values of §

the stakeholders.

ngineering the ,, what" Is job of EADS Business Unit
We support them In |

ne

s

,how*



Chal Ienges SrEquireiients Eigiiesing

EADS

Marketing Fezeamh

Bonded by the multiple boundary conditions-information overflow
Overboarding complexity blocks innovation and maturity

Working in distributed consortiums
Efficiency and lead time

Tracking the heterogeneous customer needs
Identifying all stakeholders

Avoid local optimisation

YVVYYYVYYVY

Our SE vision

Seamless process from customer need to superior prod

= Holistic glc:-bal approach — deslgn toX,¥and Z

~ Right first time — dealing with uncenalmy in early phases
~ Cost is a design variable

Benefits
What is behind the buzzwords of time, cost and quality?

Awareness of stakeholder demands
Awareness of process workflow

Keep the design process complexity handleable

-Uecision Suppoit Sysleii

-Probabilistic Design and Cost evaluation

@ys’t&ms Engineering Fiaiiewoik

l T x"‘

1 Aethiechrs
wred Dt Sharng Procem
Eraurgs npacy Arakit THwEE
s Mg TR
3 L Gl ol Bty

 AARFLAPE Bired

Eshting Level: 3 Peaceiia Level :
¥ =

b By e i e e Sy Pl A e e e

EASEE LANSS M FFERERESTE SISATS B

iﬂlﬁu i Wi i

YVVYVYVVYY

Traceabiliy of impacts enables more innovative concepts >~ i w
Monitoring and assessment of project/product status e p— _ ==
Increased efficiency by right first time ‘Sysleiiis Architectuie ";-r'*‘l" s }I 3 ra TalE
Increased maturity by seamless processes incl. V&V ‘ Aq“?? '3? "":;":.;'.;:L'" ,,.,::‘;:;‘_
Higher degree of freedom for engineers — s o

& T e I. L f l'.':=.-.
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Space Segment

Detailed VWing Machingd

-.;E__:_h* Elemanis
[ FRANCE
Overall Syslems Infegration/
FCS

N & [ BELGIUM
S

- GERMANY
Overall Fuselaga Leadarship!
Compazites

- PORTUGAL
Fairings & Flight Conbrol
Surfaces

i -”
..-=_-.!__*“ & - SPAIN
- i Final Assembiyling!
i Composites

| TURKEY
Iajor Structure Elemeants &
Flight Contral Surfaces

B vk

Oroarall Wing Leadarship



EADS Challenges to be addressed

...and on all stages of product development

User Requirement

Stakeholders (Specification) |

M User Acceptance '
Tesling (fi-sites) 3'?'1

v
o Functional -
Functions ‘
: . ; T System Testi j
Models &Simulations 'S
Systems &Software X _ (by Developers)

A

Extended Enterprise; Supplier'“x;\

Challenges

Bonded by the multiple boundary conditions (information overflow)

Overboarding complexity (blocks innovation and maturity)

Working in distributed consortiums

Efficiency and lead time, avoid re-architecting and re-engineering

Tracking the heterogeneous customer needs

|dentifying all stakeholders

Avoid local optimisation

01.06.2009 37
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EADS | Our SE Vision

‘

Seamless process from customer need to superior prod‘p"'
»  Holistic global approach — design to X, Y and Z \

Orientation and awareness of project, process and product statu \
Right first time — dealing with uncertainty in early phases (robustneés)-
Cost is a design variable

YV V VY

Benefits - What is behind the buzzwords of time, cost and quality?
Keep the design process complexity handleable
Awareness of stakeholder demands

Awareness of process workflow

Traceabiliy of impacts enables more innovative concepts
Monitoring and assessment of project/product status

Increased efficiency by right first time

Increased maturity by seamless processes incl. V&V

Higher degree of freedom for engineers

YV VYV V V VY V V
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EADS  The SE Innovation Perspectiv

*Marketing Research

*Requirements Management & Engineering

eDecision Support System vorRaqdveront] ‘
pp y To User
RO N
cre g i Functmnal < M User N:ceplanne ®
.Probablllstlc DeS|gn 'Specurcatrnn Teshngt[i-sutesj
and Cost evaluation Dw ook | System Testing :

_ Module Desrgn *_.
*Systems Engineering Framework EPEF-fw'un (by Developers)

\ﬁ\ System Build

«Systems Architecture

Model Driven Engineering

01.06.2009 39



EADS

Domain-oriented Applications

Cabin RE process

Systems simulation needs specification

Functional testing factory — V&V

Integrated modular avionics costs

Semi-formal specification concept of FMS
Uncertainty management for architects

Identification of passenger cabin comfort perceptions

System(s) Engineering Processes (SE tasks)

SE Capability Structure

Integrated Sy

Decision Support

Market research,
Probabilistic Cost/ Des
Simulation setup process
ROBOCOP \ TN

Define Requirements

% Validit;/&)lwﬂz >

Define Solution

Systems Engineering Models (SE objects)

7z —— is allocated to
VA, i S e Z=
Requirement System = Behaviour

exhibits

Systems Engineering Framework (SE tools)

Geometry T
PDM Tool g /;
A= /

Simulation Tool

Systems Engineering Data (SE database)

@~ rchitecture (Model Driven )

. Architecture representation models and semantics
. Architecture Frameworks

Systems Engineering Framework

. Systems engineering framework prototype
. Framework of frameworks <>SoS related

pa—/
o H%HH

01.06.2009
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Actual topics
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EADS | Marketing Research

The Overall benefit of a cabin concept from Pax perspective will be a res -
both directly perceived benefits (e.g. new features) and perceived [
improved services (e.g. crew performance)

 Perceptions and expectations have to be captured, understood and co
into product objectives and requirements

MR means and skills are built up to model the environment of the custor

/ Evaluation of [ Airline
cabin concepts
(c—s performance 5\ f ;
Q Q
(2
c:[ passenger value } § / Cost-benefit \
Y subjective =) analysis
- R - R
T performance ~ . .
% S financial value of a
2 crew value = cabin configuration
S — Q
\_ subjective ~/ _ J
/c—d performance 5\ ( N
© @) i
‘Q[ stakeholder value }5. _ Image value
\2—1 — 3 intangible value
_ subjective -/ \\ //
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Objectives
Model

- System . -
Solution
Mod




Decision Object Information
Architecture
and Data Sharing Process

Handling Uncertainties and
heterogeneous design objectives

Life Cycle Cost Modeling

Assessment Service




| =

Objective
Creating flexible tool chains of commercial
best-in-class tools and legacy tools

Vision

» Global Support of Systems Engineering
Processes, here represented by the V-
Model

» Traceability of complex and distributed
Information

= Enabling distributed Development ___________

Research Prototype ToolNet e

Features:

= Traceability p—

= Relation Viewer =~ = 1~

= Metadata for Relations == - i - e

= Tool-Independent Preview of e — __IE=
Information Objects

» Query Engine for Relations

=

01.06.2009 45



EADS  Systems Engineering Framework — af
Background \ 8

ToolNet Technology

= Only usage of royalty-free Technology

= ToolNet is based on Eclipse as Platform

» Usage of Web Services, SOAP, XML,
JAVA,

NN S

oy, % N

Eclipse as open and extendable el | m .
Standards HE F

Systems Engineering Framework - Strategy
= Layered Integration Architecture
- Modular, Scalable, Extensible, Open

nnnnnnnnnnnnnnnnnnnnn

= Industrialization Concept = m o

1.ToolNet Backbone: Open Source Project e e ]

2.Integration Components: CRC-Knowledge '-Imv:rr:rm:r::msi-l_-m-_-_m_-n-.wn-,'

3.Tool Adapter: Industrial Partners / CRC e '_____E _____ |
&
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EADS Systems Architecture

< “ariform components View (Life Cycle) -,
B aszzembly or part
B assembly relevant for manufacturing I /'
& supplier- component -
I Item xyz.s locoted in
Aspect (Context wiferent pas
an the van
Support 5 (= P
Aspect Level ! s =l =
1 s
functional; —r—
physical, : 1 L,.o.-\‘__‘
zone | Memmfecturing s e
| dayer ’ Operation/
| maintenance
| instructions
| ¢ Manufochoring
Defirtion ok
j assembly Nerar X
Detail LWHE’erarChy relevant for Part- Deviation 2 __y Defmition Information vault
(aspect indspendent) manufacturing  documented by I Hodels
walver ‘
Different layers of the product atructure provide accesas to
the various information attached to an item of the product

el e
Ewusrplinn (7 "
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Working Level: Initialise and Apply Model Driven Engineering

EADS  Model Driven Engineering \\ ‘

Enabling Level: SE Framework enhancements ﬁ’rocess Advisor Workflow

support
realisation of
tailored process

Existing Level: SE Processes Level
; Preparing best
SoA:

e o . . . workflow
y = . Virtual integration .
_ The systems engineering process . environment by
~Rogiemerts \) Romirements \, Functonl \,  Funtional by links (manually )
/ analysis ' validation /  analysis / verification / Creat]ng

defined) between
information objects

realising manually TEAfEE
driven information

flow for analysis

Systems

Design

II II II and simulation in - e
Requwements Architecture Costs RieRress domains  Editing/Capturing/Assessi  Process Execution
s ) 17
® Blueprint of Systems Auto linking of

Architecture related
Modelgy Informatlon
X g

Model A

i.e. Performanc iﬁr-]l;\?;:::t
Definition of Domain Analysis |:>

specific Information ~ Al R =
Models Model D L Model C *
Capturing/Implementing Semantic

i.e. Verification
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-+ SOA is the current stage in the evoluti
DS centric distributed architectures

Network Service

Monolithic Client-Server : Oriented Dynamically
Centric

Architecture Architecture ) Architecture/ Re-con_flgurable
Architecture } \ Architecture
Web Services




Experiment —
Visualisation - 1

Experlment 2
Visualisation -

Expenment 3
Visualisation -

Interventions

Core Modules '




_y‘-\
" Operational Concept Document: NH90 Softwa
DS . .
Enhancements to support Helicopter Varian

OCD Tools & Variants New or modified System Concept CLASSIFICATION
NATO UNCLASSIFIED
N I I I ndustries

AGUSTA EUROCOPTER EUROCOPTER DEUTSCHLAND

Short term?*

EQ ||EQ ||EQ ||EQ
5 . Spec. ) . o) .
* partially implemented: 1}’? VS “Iggc \?gc

COM, CSM




EADS  Software Product Lines (SPL)
A Product Line Systems (PLS) Program works in the
1. software product lines — assessments, framew
2. software architecture — achievable by systerf\

from components
3. component technology = the method to construct,

Its goal is to enable widespread product line practice throug;.a;;___ '
architecture-based development. N

Architecture is blueprint for both the system and the project

developing it: ~

— Architecture can be used early in projects to determine whether a design
approach will yield an acceptable system

— It can be used after a system is deployed to understand, maintain, and
reuse parts of the system

— System qualities such as performance, modifiability, and security depend
on a unified architectural vision.

multi platform patterns — as the experience repository and
pre-requisite for CMMI

01.06.2009 52






Develop Models based on innovative methodé\ and
supporting complex Functions/Systems design o1

To improve Function/System To develop Simulation based
design optimization through engineering for certification
M&S and collaborative and full maturity at EIS g
processes ““\“

= e
N\ =

M&S based Validation,
engineering

Verification,
Accreditation of M&S
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-7 Methods for Power Q
Architecture Analysis and
Optimization

PhD Thesis Overview

: L YR iR
Cyni ae Tenario
Cyril.de-Tenorio@eads.net
EADS Fellow — Georgia Institute of Technology

Guggenheim School of Aerospace Engineering
Toulouse, France
Atlanta, USA




Motivation

An architect designs the architecture but does not necessarily conduct R&D on technologies to be integrated

e A successful architect must be able to:
— Adapt his/her architecture to available technologies: ability to integrate technologies while limiting integration penalties
— Guide the development of technologies to optimize his/her product: evaluate performance gap and influence
technology partners
 To do so the architect must:

— Perform trades in early design phases: provide sufficient timeframe for partners to adjust while preparing integration
phases

— Base guidance on rigorous architectural analysis: focus on most promising technologies and provide arguments
supporting technological recommendations
e Difficulty associated with actions above:
— Aircraft system architectures are highly complex: The analysis is time consuming and computationally expensive

— In early phases of design technologies are uncertain: lack of maturity, lack of certainty on performance and physical
attributes

New methods are required to support the analysis and decision making process in conceptual
design of architectures

Cyril de Tenorio

Cyril.de-Tenorio@eads.net




Objectives

. Define numerical analysis tools for architecture conceptual design

- Modular: collaborative definition process and contribution to the analysis (facilitated access to participating
system specialists)
- Flexible: model structure should adapt to the relationship of systems composing the architecture concept of

interest

. Propose methods to automatically size systems composing the architecture
- Definition of systems level attributes => Definition of aircraft attributes

- Identify optimization schemes for key systems => Optimization targets for technologies

. Apply methods supporting the analysis of the architecture and strategic decision making
- Uncertainty and risk
- Visualization of trades and results

- Definition of feasible goals

- Strategic selection of technologies

. Thesis Scope:
- Application: Aircraft power system architectures

- Context: Pre-conceptual /conceptual design phase

Cyril de Tenorio

Cyril.de-Tenorio@eads.net




EADS fellowship

e The fellowship is the concretization of a strategic partnership between
Georgia Tech and EADS.

e My role as a EADS fellow at Georgia Tech:

— Improved understanding of European industrial challenges within Georgia
Tech.

— Apply academic techniques to EADS practices.
e The research performed under the fellowship fulfills:

— Dissertation requirements from Georgia Tech
— EADS industrial needs

Thesis Advisors:

EADS — Innovation Works Georgia Tech
Martine Callot - Dr. Dimitri Mavris* -
Claude Reyterou - Dr. Elena Garcia -

Arnaud Riviere -

Airbus
Nicolas Antoine —

* Academic Advisor

Cyril de Tenorio

Cyril.de-Tenorio@eads.net
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